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ADVERTISEMENT. 


8 many who ene this courſe may not 
have made philoſophy a previous fludy, 
it may be ſuppoſed that many of its uſeful 
parts will eſcape the memory; tis therefore 
at the requeſt; of thoſe I have drawn up this 
Analyſis; 17 a-ſhort look at which any parti- 
cular | 1 lien or e will Sw be 
recollected. 
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LE oüon =, 
On the general Properties of Matter. 


N hundred and fifty years are ſcarce elapſed 
| A ſince the clouds of . prejudice which” had 
long overſpread the world began to clear 
up, and men were convinced by cultivating the ſci- 
ences, and attending to nature, that no fanciful. con- 
jedtures could ever lead them to the true cauſes of 
thoſe various phenomena that inceſlantly and every 
where meet the obſerver's eye; but that the narrow 
limits of the human underſtanding, conhne the 
courſe of our reſearches to one fingle path, namely 
that of experiment, or _ uſe of our ſenſes. Yet - 
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this ſhort period, natural philoſophy hath riſen to 
an high pitch of improvement, and may with truth 
be ſaid, to have made much greater advances to- 
wards perfection ſince the experimental method was 
introduced, than in the many ages before. 


Becauſe many bodies are reducible to water, this 
element has been thought by many able philoſophers 
to be the primary origin of all matter; and that 
bodies differ only as they contain more or leſs par- 
cles, or pores differently diſpoſed. We find, in- 
deed, the decompoſition of bodies finite, being un- 
able to carry it beyond a certain limit; if we at- 
tempt to go further, we are always ſtopt by ſubſtan- 
ces in which we can produce no change, which are 
incapable of beipg reſolved into others, and which 
ſtand as ſo many firm barriers obſtructing our pro- 
greſs. To theſe ſubſtances we affix therefore more 
properly the name of principles or firſt elements, 
and they are earth, air, fire, and water. 


The properties that are common to all theſe ele- 
ments are, iſt. Infinite diviſibiliiy, i. e. the parti- 
cles of each element are ſo ſmall that they may be 
divided by art for ever, and yet be ſtill capable of 
further. diviſion. A candle will fill a ſphere of four 
miles in diameter with particles of light, in a ſecond 
of time. Two ounces of aſſa fetida nicely weigh- 
ed, may lie expoſed to the air, and have its particles 
cartied off by it for a fortnight together, and yet it 
wil not Joſe the thouſandth part of a grain of its 
original weight. Eight grains of gold will cover a 
wire completely 1 ;, ooo yards in length. A grain of 
capper diſſolved in a jill of aqua fertis, will cover as 
much poliſhed iron with a fine ſkin of copper as the 
aqua fortis will wet: Nay, Lewenhock diſcovered 
with his microſcope more living animalcula in the 
BSSST. 1999 a8 3-36 97399 0, is. milt 
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milt of one cod- fiſn, than there are men, women 
* children on the whole earth. a 


2dly. The matter of which theſe elements are 
. is impenetrably hard. If we pound the moſt 
brittle ſubſtance to the moſt impalpable powder, its 
original particles ſtill remain unhurt. If water has 
no bed of air to fall upon, it will fall upon the glaſs 
in which it is incloſed like a piece of iron, and make 
a loud click. Nay, elementary fire, ſubtil as it is, 
ſtrikes the bones in the electric ſhock like a ſolid bo- 
dy; and lightning — — the hardeſt 
ſubſtances. | 


3dly. Matter is inert, i. e. can neither move nor 
ſtop of itſelf, A ball on the whirling table, neither 
begins to move when the table moves, nor ſtops 
v ben the motion of the table is ſtopped. Give a 
ſudden puſh to a bowl of water, and the fluid Will 
fly over the bowl in a contrary direction; but if you 
turn ſwiftly round with the bowl in your hand, 2 | 
ſtop ſuddenly, the water will fly over the bowl the 
way it was going. The inertia increaſes as the 
quantity of matter. A man lying with a large an- 
vil on his breaſt, will not be hurt when a blackſmith 
ſtrikes upon it with a large hammer, with all his 
ſtrength z but if he had an anvil only a pound 
weight upon his breaſt, the firſt ſtroke of the black- 
ſmith would kill him. The vis inertia of the large 
anvil makes its reſiſtance equal to the ſtroke of the 
hammer, fo that the anvil may be ſaid to ſtrike the 
hammer as forcibly as the hammer ſtrikes it; and 
hence the difficulty of putting large bodies in mo- 
tion, Theſe are but ſmall inſtances of thoſe three 
laws of nature which Sir Iſaac Newton found uni- 
verſal, iz. That matter is -perfet#ly indi ferent to 
ether "oh or motion. 1 T, _ bodies move in pro- 
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portion to the force that ats on them. And 3dly. That 
ation and re-attion are equal and contrary. 


athly. Motion is reflilineal; i. e. All bodies put 
in motion by one force, endeavour to go off in a 
ſtraight line. Hence if a coach in ſwift motion be 
turned ſuddenly, it overſets by endeavouring to go 
off ſtraight: But if a body be impreſſed by wo 
forces in oblique directions, it will obey neither, but 
find a medium road between the two. If a ball be 
impelled along one ſide of a ſquare, while another 
force drives it along another (ide of the ſquare, it 
will obey neither, but go the diagonal of the ſquare. 
Hence a ball dropt from the maſt head while the 
ſhip is under ſwift ſail, falls on the deck the ſame as 
if the ſhip was at anchor : And a ball ſhot horizon- 
tally from a tall tower, obeys neither the powder 
nor its own weight, but comes to the ground in a 
curve formed of the two. We ſball in due time ſee 

that the planets move by this wonderful law. | 


.5thly. Matter attraFs, and is attrafled; i. e. All 
parts of matter have a tendency towards each other. 
Two cork balls ſwimming on water run together 
with an accelerated motion, and ſtick together. 
Water riſes above its level againſt the ſide of the 
bowl which holds it; and alſo in capillary or ſmall 
. tubes: And hence the reaſon why water riſes in ſu- 


os: gar, ſand, between glaſs planes, up ſpunges, &c. 


for all theſe may be conceived as made up of capil- 
lary zubes. Two planes of lead, marble, glaſs, 
iran Kc. thruſt cloſe together, ſtick fo that exceſ- 
tive force alone can ſeparate them. Tis this attrac- 
tion of cobeſion that makes all bodies cohere or 
maintain any diſtin&t form; and as ſome parts of 
matter attract more forcibly than others, iron 
comes to be heavier and more compact than wood ; 


gold has more particles in leſs room than any other 
metal 3 
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metal ; lead is different from ſtone becauſe its particles 
attract one another more forcibly; ſo that all that 
variety we ſee in both mineral, animal and vegetable 
ſubſtances, ariſes from the . different combination of 
the four elements, the different degree of attraQtion 
in the particles of each, and in the different diſpoſi- 
tion of the pores or interſtices that are between 
them particles. For the particles of the heavieſt 
and lighteſt bodies are all of the ſame weight, as 
may be proved by dropping a piece of gold and a 
feather down a tall glaſs that has no air in it to reſiſt 
their paſſage. Fire can deſtroy this coheſive quality 
in bodies for a time, but makes no alteration in the 
original particles of bodies. It will inſinuate itſelf 
into gold, and 1 its particles ſo as to make it 
into a fluid, Water and air are kept in a ſtate of 
fluidity by fire. It increaſes the repulſive qualities 
of all bodies. Metals ſwell with a ſmall degree of 
heat as may be proved by the pyrometer. All na- 
ture is kept in motion by it; even blocks and ſtones 
ſwell by the heat of the day, and contract by the 
cold of the night. It gives water ſo repulſive a qua- 
lity that it flies off in ſteam. Air is ſo ſwelled by it, 

that to keep up its equilibrium it is perpetually. agi- 
tated by winds and ſtorms. 'Tis the only eſſential 
fluid, and'probably the cauſe of fluidity in others, by 
ſeparating their parts. However there ſeems to be 
a repulſive quality common through nature indepen- 


dent of fire. Tis ſaid where the ſphere of attrac- ' 


tion ends repulſion begins. The north pole of a 
magnet at one tenth of an inch from a ſuſpended 
needle attracts it; but at five tenths from it, it re- 
pels it. A glaſs tube rubb'd with a dry hand, will 
alternately attrack and repel, feathers, leaf gold 
and other light bodies. A ſmall needle will lie on 
the ſurface of water by its repulſion ; flies run over 
it without wetting their feet, and a drop of oil will 
be ſuſtained by its repulſion without ever touching 
5 the 
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the a of the water. The rays of light/ are 
faid to be ' repelled from the ſurface of a looking 
glaſs, &Cc. however 1 doubt the Ne of this 


e 


6thly, The attraction of gravitation, is this weight 
of bodies, or that tendency which matter has to- 
wards the-center : by this power the earth is formed 
into a denſe ball, and every thing that lives upon it, 
held faſt to its ſurface. A body left to the power 
of this agent falls about a rood in the firft ſecond of 
time; three roods in the ſecond ſecond; five in the 
third; ſeven in the fourth, &c. agreeable to- the 
odd numbers 1, 3, 5, 7,9, 11, 13, &c. For the 
vis inertia of the falling body, added to the power 
of gravity. in every ſucceeding ſecond, accelerates 
it as the ſquares of the times. Thus,—at the end 
of the ꝗth ſecond the body has fallen 16 roods,—art 
the end of the 6th ſecond it has deſcended 36 roods, 
&c. Proved by a projected ball falling from an 
horizontal line one inch in the ſame time it falls 3, 
5, 1; &c. inches in the ſucceeding times. Hence 
we find this power of gravity decreaſes as the ſquares 
of the diſtances increaſe: (i. e. a ball glb. on the 
earths ſurface would weigh only r1b. at three femi- 
diameters of the earth above it.) For tis found 
that the moon falls from a tangent to her orbit in 
this proportion; ſhewing that ſhe is actuated by the 
fame law; that makes a pebble deſcribe a curue when 
it is'thrown' ſrom a fling. For that pebble was it 
projected with proper force, and had a vacuum to 
move through as the moon has, would 80 round 
the earth for ever as ſne does. | | 


5 A of i falling „ 
root of its beight; Ex. Hang a pound weight on one 
end of a ſcale· beam, and if on the other end you 


tet fall a certain ws from the height of one foot, 
it 
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it will juſt lift, or cant the pound up: But if you 
let the ſame weight fall four feet, on one end of the 
ſcale-beam, it will cant up two pounds weight hung 
at the other. If it falls nine feet, it will In up 
three pounds weight at the other, &c. 


Fluide ſpout by the ſame law. A pipe of the ſame 
bore as another, but four times as far below the ſur- 
face of the water in a ciſtern, diſcharges twice as 
much as the upper ane ; if it be ſixteen times as far 
beneath the ſurface, it will diſcharge four times as 
much as the upper one, &c. For the velocity with 
which a fluid ſpouts at any depth below the ſurface, 
is equal to that which a * let fall hat 1 
would acquire. 
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LECTURE Il. 
M E O HA N 1 0 8. 


HE momentum or force a body, ariſes om 

its quantity of matter being multiplied into 
the velocity with which it moves: Thus, if a bat- 
tering ram be 1000lb weight, and the velocity with 
which it ſtrikes a wall be 20, then is its momentum 
20,000 : But a cannon ball ſhall do the ſame exe- 
cution, if its quantity of matter be no more than. 
r0lb, provided it be thrown with-a velocity equal 
to 2000, for 10x200=20.000,. ſo that the mYmen- 
tum of both are equal. This may be eaſily proved, 
by laying 21b. weight on @ ſpring; if it throws i. 
one yard, it will throw 11b. two, yards. : And glb. 


will be counterpoiſed by _— ik it be hung on oy 
ance 


t 
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lance at twice the diſtance from the fulcrum. Hence 
the force or power of any machine whether ſimple 
or compound is eaſily computed; for when two 
bodies are ſuſpended upon any machine, ſo as to 
act againſt one another, if the perpendicular aſcent 
of one body, be to the perpendicular deſcen of the 
other in the inverſe ratio of their weights, they will 
balance one another; and therefore ſo much quicker 
as the power moves than the weight, fo much is 
the advantage gained by the machine, and gives 
this mechanical axiom, ** That what is gained in 
„power by any ende is loſt in the time of 
* working it.“ | £2 


All kinds of Werd en engines conſiſt more or 
leſs of theſe fix powers, viz. the lever, the wheel 
and axle; the ſyſtem of pullies; the 7181. 9 40 ; 
the wedge, and the ſcrew. | 


The lever iis a bar of wood or metal, turning « upon 

a prop or center, (commonly called the fulcrum,) 
and is uſed either to raiſe weights or overcome re- 
ſiſtances. There are three kinds of levers, and in 
each of them, the velocity of each point is directly 
as its diſtance from the prop. When this prop is 
between the weight and the porwer, tis called a lever 
of the firſt kind; and ſo much as the power is further 
from the prop than the weight, ſo much is the ad- 
vantage gained by the power over the weight. 
Tron erows, ſelſſars, pincers, rudder of ſhips, 8c. are 
levers of the firſt kind, A lever of the ſecond kind, 
is when the weight or reſiſtance is between the prop 
and the power, as in doors turning on hinges, knives 
that. turn on a center at the point, oars, &. 4 
lever of the third kind, is when the power is applied 
between the weight and. the Prop, as in rearing A a 
N againſt the wall; orig our legs and arms 


by 


| ſ:m 1 \ 
by the power of the muſcles, &c. The bended lever 
differs in nothing from one of the r kind, but in 
form, *tis like an hammer drawing a nail. In each 
of theſe levers, ſo much as the power moves farther, 
or ſhorter than the weight, ſo is the adyanrige or 
diſad vantage of each. The power of a compound 
lever is found by multiplying the re of cond into 
one another. er gl: 


In the wheel and axle, the advantage of the wheel 4 
over the axle, is as their diameters, i. e. if the wheel: 
be four times as large as the axle, a man may lift 
four times as much by it, as by his own ſtrength- 
allowing for friction. Tha: gong 4s * * 
n of a coenatien crane. 


U 0 — are did, only ſerve.to > change: 
the direction of the power, and give no mechanical 
advantage thereto : But the under block of pullies, 
moving with the weight, give an advantage pro- 
portionate to the number of ropes, by which the 
weight is ſuſtained; and which may be eſtimated 
alſo by ſo much as the power moves faſter than the 
weight. A running pulley doubles whatever advan»: 
tage was gained. 210 the other parts of a n 1 
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The Abe heavy. or cen bodies 
with a force -proportioned, 41 ibe thickneſs of its 
back" is to the length of botb its fides ; i. e. if its back 
be one foot, and the length of both fides twelve 
feet; then may the momentum of the ſtroke which 
moves the wedge be one twelfth only of the 
weight or ene * * the n to be ſe- 
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The inelined plane, is 3 Half a ice; and 
therefore its po xer is, as 11s length is 49 14s beigbt; 
i. e. I ſhall roll a cylinder up an inclined. road of 
twenty yards in length. and but one yard perpen- 
dicular height, with one twentieth part of the force 
that would be neceſſary to lift it . 
that yard. ; 


The ſcrew may be conſidered as an meliokd 
plane wrapt round a cylinder; therefore as the 
power moves round the cylinder, while the weight 
riſes the diſtance of the threads from one another, 
the power has an advantage over the weight, as the 
jength of one thread round the cylinder, is to the 
diſtance of one thread from another; or as the 


2 of the Ae is to the velocity of Ive < 
weight. | | 111113514 203 
32 44 | yy 24 05, 3.3%; 18123 
In ene jack we e all eit powers tos: 
gether, if to an arm of the fly the power be ap- 
plied; and ſo far as that power moves farther than 
the weight, ſo much is the advantage nch the: 
_ has over the. 1 1 | 3 NF. ugs 
[24 Dranse S081 
If e could 15 made to move without 
Friction, the leaſt degree of power added to that 
which balances-the weight would be ſufficient to 
raiſe it: But as the ſmootheſt bodies are full of pores 
and little eminences, theſe will lock into one another 
in rubbing bodies, and greatly retard the motion of 
a machine. The friction in the lever and the whrel 
and axle is very ſmall: In pullies it is very conſider- 
able: But in the inclined plane, the wedge and the 
ſerew it is very great. The allowance made for 
friction in machines conſiſting of ſeveral of the, me- 
chanic powers, is uſually one third; i. e. after cal- 
| 8 all the lngſe Peers es above, and multi- 


plying 
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plying theſe into one another, from the laſt pro- 
guck f dedudt one third of it, and the remainder is 
the true momentum or force of the machine. Fric- 
tion is of two kinds: The rubbing friction, and the 
frittion by contact; the rubbing of the locked wheel 
of a coach againſt the road may repreſent the frf; 
and the manner of its touching the road in its uſual 


motion the ſecand. When the firft kind of friction, 


can be reduced to the ſecond, there is a very man- 
feſt advantage given to the power of the machine, 
as is demonſtrated by the experiments with the 
friction wheels. Theſe wheels are hung ſo that 
their peripheries form an angle, in which the gud- 
geon of the heavy wheel turns without wearing. 
Hater wheels, large grinding ſtones, and even wheel 
carriages are hung in this way at a ſmall expence ;- , 
and the reſiſtance occaſioned by their friction reduced 
at leaſt ten times. A narrow rubbing ſurface has 
much the advantage over-a broad one, though they 
each ſuſtain the ſame weight, becauſe of more points 
and pores being in eontact; hence the ſmaller the 
.gudgeon or axle of a wheel the better; if it has but 
ſtrength to ſupport the weight. The ſtiction in 
water that carries an under- ſhot mill, is much taken - 
off by a ſloping peddal; the velocity of the float 
boards of the wheel ought to be one third of the velo- 
city of the water; the number of ſtaves in the trun- 
dle, ought to be no even part of the number of coggs 
in the wheel that turns it; and the grinding 
ſtones ſhould not make above 60 revolutions in a 
minute. Sb 4 

The portable crane, is a good machine for illuſtra- 
ting the allowance for friction. It has 1ſt. a crank 
or handle, five times as far from the fulcrum on 
which it turns, as the pinion is that overcomes the 
firſt reſiſtance. This part of the machine then 
gives an advantage of five. The next mechanic 


power 


g ( 14 J 
power in this machine is the wheel and axle, which 
is put in motion by the firſt power, and its diameter 
is twenty times as much as the diameter of its axle 
where the next reſiſtance is overcome: This part 
of the machine then gives an advantage of twenty. 
The laſt part of the machine is a Syſtem of pullies; 
the weight hangs by fix repes, therefore this part of 
the machine gains an advantage of fx. The ad- 
vantage then of thoſe three mechanic powers which 


compoſe the \ crane are thus eſtimated, 5x20x0= 


600 the momentum or power of the crane. Bur 
as the rubbing of the coggs againſt one another, of 
the pullies, the coiling of the rope, &c. take off 
one third from this calculation; inſtead of ſaying 
a man might lift 600 times as much by this machine 
as he could by his natural ſtrength, we muſt take off 
the one third from it, and ſay that he can but lift 
400 times as much. Thus may we reckon the force 
of any machine pretty near the truth, let its con- 
ſtruction. be ever ſo complex?” If we meaſure how 
much further the power moves than the weight or 
reſiſtance in any complex machine, this alſo gives 
its true momentum, allowing the one third for 
friction. Th 1 21140. 71 291 
Cranes ſhould never be made without a catch to 


prevent accidents; or a lever to be held faſt on the 
wheel while the weight deſcendds. 
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LECTURE u 
Ox MACHINE S. 


' MILL to ſaw marble, may be thus con- 
| ſtructed. Thin lips of foft iron without teeth, 
and ſeveral of them in one frame, may be put in 
motion by means of a crank, and a crooked lever; 
and a large flat ſtone may be carried as a poliſher by 
the ſame motion. Sand waſhed under the ſaws 
from a box above them, anſwer as perpetual teeth. 


The common pile-driver has a pulley fixed be- 
tween two tall poſts, over which a rope to a 
wince placed at a little diſtance, that is worked by 


two or more men. At the other end of the rope is 


an hook, which taking hold of the ram or weight 


raiſes it to the pulley where it is unlocked and falls 


on the head of the pile; the hook (being heavy 


enough to overcome the friction of the wince) im- 
mediately follows the ram and takes it up again. 


Lulu, pile driver, uſed at Weſtminſter and 
Black- Fryers bridges, is fixed on two boats, and is 
ſo contrived that while four horſes that work it, go 


conſtantly round, the ram riſes and falls, without 


the horſes: being liable to fall when diſengaged from 
the weight; for an heavy fly regulates the inequality 
of the - draught. The ram is immediately followed 
by a pair of longs that bring it up again: This mo- 
tion is produced by the tongs catching a lever, whoſe 


reſifling end thruſts down a pin that diſengages a 


drum 


= 
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drum (on which the rope coils) from the axle turn- 
ed by the horſes, ſo that the weight of the tongs 
overcoming. the friction of the drum, they fall with 
an equable velocity on the ram: This equable velocity 
is occaſioned by a rope winding round a fuſe or 
ſpiral groove on the drum, ſo that the weight at its 
end growing by that means heavier as it winds from 
the center counteracts the acceleration of the tongs, 
and keeps them from beating themſelves in pieces 
againſt the ram. 


The uprigbi cylindric mill, is like a churn turning 
on a point in the center of its bottom: It has ſix 
hollow arms, of half its length and + its diameter, 
which communicate with the upright cylinder, and 
are fixed horizontally to its bottom. A ſmall hole 
is made on the /ame fide, and near the outward end 


of each of the arms, through which the water which 


— . 
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flows into the cylinder comes forcibly out, and by 
its puſp againſt the air, turns the cylinder the con- 
trary way; this motion carries the mill-ſtones. 
This mill exceeds all others in ſimplicity, and is well 
adapted to ſituations where the ſtream is ſmall and 
has a good fall. 5 = 


The equable moving windmill that ' cloaths and un- 
cloaths itſelf, has but two arms, and theſe (inſtead 
of canvaſs) are cloathed with half-inch deal boards, 
formed like little doors, two deep, and running on 
centers fixed at two-thirds their length: Theſe being 

held cloſe ſnut by a weight which acts through the 
axle of the mill wheel, will open more or leſs as the 
wind blows, and kęep the mill from going faſter or 
Aomer by either a great or ſmall blaſt. The hack 
ſails ate made of the ſame materials, and hang in 
a perpendicular poſition on two arms that prqject 
from the cap of the mill; they are formed out of a 
circle, and twiſted to angles of 4089: An A 
"ITY Cre“ g 
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ſcrew on the axle of theſe fails turns a wheel, which 
falls into the teeth of a contrate wheel fixed on 
the wall-plate of the mill : When the wind changes 

+ theſe ſails are put in motion by it, and bring the 
other fails to face the wind. Two arms to a milſ do 
not break the current of the wing into edfies fo 
much as ſour arms do: And the fails ſhould*incline 
209 from a perpendicular to the wind next their 
center, and diminiſh gradually to 39 at their out : 


ward ends. 7 


* * 


be Horizontal wind mill invented by the ingenious 
Joſeph Henry, Eſq; has ſtil} greater pretenſions to 
famplicity;and uſe than the laſt deſeribed mill. This 
has fax - horizontal. arms fixed on the top of an up- 
right ſhaft; and on the ends of each arm are fixed b 
croſs bars perpendicular, and of the ſame length as 
the ſide of ſquare cloths faſtened to them, Whoſe op- 
polite corners have cords going from them to the 
ends of the next croſs bar; theſe cords are ſo long as to 
ſuffer the cloths to lie cloſe to the arm to which they 
are faſtened. When the wind blows from agy 
quarter, the cloth preads againſt the arm, and turns 
it into a lever; but when that arm comes round 

: againſt the wind, the cloth comes. edgewiſe: 'Henee 
the wind acts againſt one ſide of ibe nubeel only s. and 
may be made to have am quant ii ef power by, making 
the arms longer or ſhorter. his mill may allo have 
an equable motion by the ſame, means 3s the laſt. 


„ate v4 ut M ant 1 ite e 2512 0A 
The drill plow invented by that experienced and 
moſt ſkilful farmer William Craik, Eſq; unites the . 
_ excellences of both the 4ril/ and Hu huſbndry 
in one, and removes their defects. The fallow » 
ſpaces in the 1dr#// buſbandry cauſe the crop g be. 
thrown dowa by rain and wind, and afförg heiter 
for crows and other deſtructive fowl i che e 
caſt way the ſeed is ſeldom ſown equal, much & it 
falls too deep, and more lies on the ſurface after © 7 
; C harrowing | 
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harrowing, and is carried off by birds, ſo that on 
third of it is always loſt by theſe means. To fow 
the ſeed equal on broad ridges, and to roll it after 
ſow ing is the intention of this plow ; to effect which 
it has four drills and hoppers capable of being moved 
laterally, ſo as to cut one, two, three, or four drills 
at pleaſure, and at any diſtance: The ſeed falls out 
of each hopper through the male gudgeon of a cylin- 
drical box that turns round by means of a cage like 
drum, whoſe rungs work into teeth that are 
round the edges of the cylindrical boxes: This 
drum is put m motion by a leathern ſtrap from a 
pulley on the end of a wheel that runs on the ground 
and ſupports the fore-end of the plow. Round the 
cylindrical ſeed boxes are holes of different ſizes in 
a groove that has a light ſtrap of leather round it, 
and with holes in it ſo correſponding to thoſe in the 
box, that by drawing it over them more or leſs, they 
diſtribute any fiae of grain and in any quantity, into 
a circular trough that leads into a hole down the 
back part of the drill; fo that the fore - edge of the 
drill euts the ground, and the back part depoſits the 
grain. After theſe comes a roller that covers the 
grain, and ſerves as a ſupport for the hind part of 
the plow. The cylindrical feed boxes turning round, 
make an equal diſtribution of the grain, and pre- 
vents its choaking up. The drills may be made to cut 
deep or ſhallow by wedging the roller higher up or 
lower down. One horle draws it. A man may 
ſow ſix acres per day with it: and it may be made 
for about four pounds. Nane 


The ventilator for taking out the corrupt and giving 
freſh air to ſhips, cellers, priſons, &e. is put in 
motion by Mr. Henry's wind-mill above deſcribed : 
It conſiſts of two diaphragms or purſe- like leathers 
held air-tight between horizontal ſections of an up- 
right cylinder of tin; theſe rifing and falling by 
23 nn e 1 9 59. means 
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means of the wind-mill act as bellows; one draw- | 


ing out the corrupt air through a long flexible leathern 
tube, while the other forces in a ſtrearn of freſb air 
through another tube of the ſame ſort. This inſtru- 
ment is extremely ſimple, cheap, and portable; and 
may be apply'd to ventilate rooms without giving 
cold to thoſe who may fit or ſleep in them 


The univerſal joint, gives oblique, or -inclini 
motion to any thing that turns round, by means 
a ſolid, equal- armed croſs, whoſe oppolite ends run 
looſe in the points of two horns ſpringing from the 
end of what communicates the motion, and from 
the end of what receives it. It is very uſeful for 
carrying the /crew pump; bolting mills; . crooked 
and diſtant communications. from. clocks to large 
bells, &c. | | x 


In wheel-carriages the fore wheels are made lower 
than the hind ones, chiefly far. the convenience. of 
turning, and not for any advantage to the draught ; 
for as each ſpoke of a wheel is a lever, the longer 
it is, the more is its power; hence the abfurdity of 
loading waggons or coaches on the for? rather than 
the hind wheels, where the obſtacles they meet muſt 
approach ſo muck hearer à perpendicular to the 
draught than it does in the hind wheels: However, 
the power of higb-ubeels is finite, beyond 53 or 6 
feet, their weight up hill overcomes their mechanic 
advantage; for if the road riſes one inch in four, the 
horſes have x of the whole weight of the carriage 


to draw, &c. (as has been proved by the mclined 


plane.) In uneven roads the load hes perhaps the 
| beſt on the middle of the carriage. Broad wheels 
are juſt as eaſily drawn on hard and level ground as 
narrow ones, and eaſier on ſandy or ſoft gronndbe- 
cauſe they fink not fo deep; (for a broad ſurface in 
friction of the /erond kind, is little different from a 


C 2 narrow 
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chaniſm of the horſe; and its gud 
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narrow one : However, up hill and on flony roads 
the narrow wheels have the advantage. Diſbed 
wheels on a ſtraight axle not only give a broader baſe 
for the machine to ſtand on, and thereby prevent 
its being overturned, but ſtanding perpendicular 
under the load when its centre of gravity is thrown 
on one fide, they are lefs liable to be broke down. 
But the axle that inclines downwards at each end, 
though it gives more room to the waggon or coach 
is both more liable to be broke and overturned. 
The line of an horſes draught is not parallel to the 
horizon, but inclines upward at leaſt 30 degrees, his 
ſhoulder in particular is not perpendicular but in- 
clines agreeable to that angle: But horſes in a team 


muſt draw parallel, and conſequently to a diſadvan- 


tage: Hence 12 or even 15 hundred weight is drawn 
by one horſe in the northern Irifþ car with eaſe long 
journies, becauſe that machine (from the lowneſs of 
its wheels) has its ſhafts ſloping agreeable to the ma- 

; geons — iron 
are ſmall and have very little friction. It would per- 
haps be worth the enquiry, whether fox horſes with 
each a light and properly made cart would not draw 
more, with more eaſe to themſelves, than when 
they are all yoked to one: And whether this mode 
of dividing heavy ads would hot more effectually 
preferve the roads than broad wheels, or any other 
precaution yet uſed. Theſe hints are illuſtrated by 


FORTIFICAT ION. 


Man in * 15 n civilized ſtate is the moſt 
inexplicable of all riddles! He ſeems the moſt per- 


feft animal in the creation, yet his purſuits are more 


abſyrd, and bis life leſs happy than the ewe 
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He ſhakes off the animal and adopts his mental fa- 
culties; and appoints the reins to a chimerical reaſon 
inſtead of a more w1/e inſtinct Hence error, ſhadows, 
and diſappointment, are the attainments of his unmean- 
ing life; and murder,” rapiue, treachery and madneſs 
are the inſtruments of the acquiſition. * Yer beauty 
and happineſs mark every other part of creation 
The all-wwi/e, the god CME ator cannot be the au- 
thor of evil: his ſcheme in nature ſeerns'to have con- 
png the fame from the beginning, conſummate and 
perfection Let us ſurvey man then in the ſtate 
Ne Aeliverd him out of his creating hands, and we 
ſhall find him an animal of a ſuper — order, without 
any wants but what his Sud x earth ſpontaneouſiy 
produced for him: At, and no doubt long after his 
creation he went naked, and his Maker gave him 
(e' er refinement ſpoiled it) a conſtitution to bear it; 
he lived at large, the whole earth was his eftate, and 
the want = . left him without care. To 
propagate his ſpecies; not to deſtroy them : To live 
joint tenant 72. ſhade with his fellow creatures. 
and his fellow cattle, without enſlaving them; 
and to enjoy that inſtinctive liberty in fu 
(which even the moſt flaviſh laws and cuſtoms can- 
not obliterate) were his purſuits and his happineſ. 


Need we any other proof of chis than the inſufft 
ciency of human laws to alter and methodize him? 
What are the ſtruggles of party. The inſurrec- 
tions of malecontents.— The perpetual warfare be- 
tween kings and ſubjects : And the corroding dif- 
content of domeſtic and mechanic life, but the aw- 
ful efforts of nature to regam her native liberty. 
And indeed how often are ſtates under the 
of bating the hook of ambition with har wr 
The ſoul of man is naturally full of benevolence, 


openneſs and good-ntture ; but power, dependence, 


latitude- 


1 
and their unvarying conſequences, deprave and in- 
toxicate it, as is evident indeed from thoſe unhap 
paſſions which artificial life has given birth to bot 
in governors and the governed. The happy ſavages 
of Tartary and America, before ſuperfluities were 
introduced among them, led a life .of nature and 
ſimplicity, agreeable to the deſign of their maker: 
Their perſons diſdained the ſhackles of cloaths, and 
their appetites craved no higher delicacies than the 
natural herbs, fruit, roots, &c. of their mother 
earth. Care the inſeparable attendant on civilized- 
life, and the poſſeſſion of artificial neceſlaries, never 
oppreſt. the native liberty of their minds, for they 
had no outward property to be careful about. The 
human race naturally ſpread themſelves over the face 
of their country when fo circumſtanced, and having 
only an innocent neighbour or two to converſe with, 
are ſecured from that corruption which always. at- - 
tends ſocieties. This ſeems conſiſtent with an * 
nal deſign, and truly worthy of being called the 
golden age. In ſuch a ſtate as this the human race 
do not grow too populous for the produce of the 
earth. This unhappineſs is reſerved for artificial 
life: Eaſe and unnatural convenience are the parents 
of exceſſive population in ſtates not yet riſen to 
luxury; and kings have found phyſic for this malady 
by creating ſuch ideal honours, and neceſſity as ſpirit up 
the troubleſome part of their ſubjects to deſtroy one 
another decently in the. field of battle. Luxury and 
effeminacy are/propagated with the ſame refinement of 
policy as war: The trammels laid on man by Faſbion 
in eating, drinking and external forms are little under- 
ſtood, but they . anſwer the purpoſes of ſtate by 
weakening the ſtamina f the body, and preventing 
exceſſrue and hardy population. How ſo great a por- 
tion of mankind have fallen into this ſtate in all 
ages is matter of curious inveſtigation. The quali- 
fication that would give aſcendency in the ſtate of 
nature 
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nature would be bodily ftrength, and its uſual atten- 
dant courage :—Conſcious — (for a time) na- 
turally ſubmits to, puts itſelf under, and adopts the 
ſentiments of ſuperior excellence Hence to deſtroy 
a wild beat, or catch others for ſuſtenance a leader 
of this character would become neceſſary, and a 
temporary community would be formed with this 
chief at its head, who finding his conſequence ſo a- 
greeable to his natural pride, would ſoon be t 
to take advantage of the ſimplicity of his followers, 
and make them into /ubjefts and himſelf a king.— 
This aſſociation would ſoon beget more in its neigh- 
bourhood, and jealouſy, injuſtice and outrage now 
ſhewing their infant heads, would ſeperate one from 
another, and tie each more firmly to itſelf. Hence 
would * * the — ſlates we meet with in infant 
ſociety ; the perpetual wars occaſioned by their vici- 
nity, and the pride of their chiefs; and — 
empire in general. | 


The firſt aſſociation in time ſwallows up the reſt, 
and gives credit to, and roots its influence and power 
by framing /aws to rectify ſuch unhappineſſes as the 
people labour under from theſe quarrels : The multi- 
tude ſeldom look farther than preſent advantage: 
Their new governors ſet before them the flattenng 
picture of order, regularity and method ; the multi- 

rude from their preſent diſtracted ſituation believe 
any thing right that promiſes them repoſe, naturally 
fall into the decoy, and ſubject themſelves and their 
poſterity to ſuch rules and oppreſions as their Maker 
never intended. A government thus begun immedi- 
ately ſets itſelf to work in ſtudying the human mind, 
its qualities and tendency They find in it an inſtinc- 
tive conſciouſneſs of an all powerful Deity, but con- 
fuſed, and therefore capable of being famped, by 
any mode of ſuperſtition beſt ſuited to wrap it in 
favour of government; hence the hope and fear of 

25 | | things 
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things hereafter, beget a mechanic teſt of aftion that 
ſupercedes the innate principles of r1ght and wrong 
The paſſions are taught to warm at invjſible and in- 
comprehenſible objects, rather than their natural ones, 
by which their force is divided, and conſequently 
weaken'd. The fine affections of women naturally 
catch this fire, and they leading the men into it 
are inſtruments in the hands of policy that both rivet 
and poliſh the fetters thus laid on the mind. 


Beſides, the ſoul of man is an active principle, full 
of defign, forward to execute, and zealous after fame, 
qualities that are no friends to government , it therefore 
toon becomes the wiſdom of the legiſlature to turn 
theſe reſtleſs qualities into channels that ſhall not ob- 
ſtruct the machinery of ſtate, and hence the riſe of 


ſubordination. or rank in government, hence alſo 
the firſt rude eſſays in arts, ſciences and trade; and 


hence the firſt longings after more. than ſimple 
nature requires; for the ſlighteſt inſpection into hu- 
man nature will inform us, that when man becomes 
methodized, he becomes proud and ſelfiſh, two 
foundations on which a government may build the 
moſt wonderful ſtructures Hence titles are con- 
trived to reward thoſe aſpiring geniuſes who aſſiſt the 
new government; — property becoming inſured, an 
eſtate is ſought after by /elſiſb adventures; — trade is 
the great tub thrown out to employ the multitude, who 
without buſineſs would like S..] whale be in danger 
of overturning the | ſhip of ſtate ;—cards; Sc. 
divert the rich, the old, and the idle from . 
upon this policy and thus habits of induſtry. 
emulation are eſtabliſhed, all are em and 
, forgets 
nt 


man in taking care for himſelf and à famil 

the public and a ftate of nature, and a | 
Can e its o__ _ without obſtruction. But 
as no authority will be long regarded by the multi- 
tude, where. the governors are not diſtinguiſhed by 


their 


— 
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their manner of living and appearance ftom the 
governed; and as all diſtinction among the vulgar 
conſiſts in external ſuperfluities, hence ariſes at court 
the neceſſity of rich cloaths, luxarious tables, &c. 
and that imitating pride ſo natural to the foul of 
man ſoon dictates to the inferior claſſes that thoſe 
ſuperfluities are really neceſſary to their happineſs : 
Thus eternal rounds of faſhions and + cuſtoms. (which 
the multitude imagine ariſe by chance) have their 
foundations in the deep labyrinths of policy : Thus 
it is that deluded mortals fall into the traps of ſtate; 
and hence that eagerneſs in ge/ting money, and JSpend- 
ing it on things which, (having no excellence but in 
the faſhion of the times, or the whim and capriceof 
the buyer) ſoon give way to others equally trifling; 
the circulation however puts money in the exchequer, 
keeps the ſlave in dependence, and gives a govern- 
ment the opportunity of eſtabliſhing this rotation of 
manners, cuſtoms and faſhions. —Tyrants by which 
a deſigning ſtate can more OW rule. mankind 
than by the ſevereſt laws: V rr 
| T2 ROT! *1 ? 

Upon a modeſt calculation; the Jeftrutian of the 
human race, in building up tyranny by Seſoſtris, by 
Semiramis, by Xerxes, by Alexander, the Romans, the 
Sicilians, by Mithridates, the Goths and Vandals, the 
Cruiſades, and by the Spaniards in the conqueſt of Ame- 
rica, c. amounts to forty times the number of man- 
kind now on the face of the earth! In all our experi- 
ments we find that NATURE will not ſuffer herſelf to 
be violated with impunity; her ſtruggles to reſtore the 
loſt equilibrium of the air, of fire, &c. are not more 
conſpicuous to the philoſophic eye, than thoſe ſhe 
makes againſt the = and madneſs of thoſe curſes 
of mankind called congucrors Vet has ſhe,.been 
drove into the woods and deſarts of the earth, an 
artificial nature has been ſubſtituted in her place; and 
miſery and unhappineſs have marked its ohms 
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= ſtill does ſne cry aloud in the human breaſt, but 
the voice of prejudice isJouder ! ſtill does ſhe whiſper, 
The farther yon depart from me, the more you increaſe 
your unbappineſs,*but ſhe is not heard !—Forgive, 
reader, this Bonet entbhiſiaſm,. T RUTH is the 
miſtreſs: of philoſophy,—and for her ſake we dare 
run the riſk of that contempt which commonly at- 
tends ſingulurity of apinion. — Fortification is the 
1 homer and deteſtation I enter upon 
15 


- When firſt the ambition and ae of a Angle man 
had inſſuence enough to herd his fellow creatures 
into ſociety, and to inſpire them with the frenzy of 
his on - wicked: views: againſt; thoſe” who. had mort 
fenſe-than be of his party, towns came to be built, 
and fortified round with a mound of earth for mu- 
tual ſafety.— Fhis was a fate, and others roſe in its 
neighbourhood, for defence againſt the depredations 
df the: firſt; —thus hoſtility was introduced, and 
man was taught to think it meritorious to cut the 
throats of all who were not under the ſame leader. 
Miſebief being thus eſtabliſhed, fortification be- 
came an art of importance; a broad and deep ditch 
was dug, and on its inner bank huge walls were 
built with round towers at a bow-ſhat diſtance, that 
ovet looked the country, and bid: 8 
my?s phalanx or battering- ram. As man became 
more learned in miſchief, /quare: towers with the 
to the eld:took place of the round ones, and 
gave the firſt hint of the bulwmark.or/ baſtion; for 
now: one of the priefthood: had lenti war the aid of 
chemiſtry and that diabolical.pruder, which: hagidet- 
troyed fo many of the human race, required the 
united efforts of mathematician and arclutecł to evade 
its power. A regular fortification. now became ſhaped 
like an hexagon, with a baſtion of well adjuſted 


Angles at each corner, from winch an enemy could 
be 
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be flanked in what direction ſoever he approached ; 
if he choſe to evade this, and approach the outer- 
moſt angle baſtion called the ſalient angle, his 
ſhot fell on an oblique wall and rolled into the ditch 


he had two ba/tions at leaſt playing upon him, as 
guns from the curtain itſelf, and if he 
place by a ſudden on- ſet called a 


high, the cannon and muſketry 
ſo that a fort like this might have been deemed a 
ſufficient check to military frenzy. But the curtains 
being found too weak to withſtand the vigorous at- 
tacks of an enemy, it was ſoon found neceſſary to 
cover theſe with extenſive outworks, compoſed of 
angular walls called ravelins pointing to the field; 
and where the country favoured- the apptoach of an 
enemy, with much ſtronger works, as crown-works, 
horn-works, bounets, &c. round all which run a la 
ditch, and the covert way, defended by the glacis a 
ſloping bank of earth next the field, and a paliſado 
of ſtrong pieces of wood. Theſe were all ſo ad- 
juſted that two heights of cannon could play over 
the heads of the muſketry on the covert way; and 
ſafe communications were cut between each, under 
the works. If an hill joined the place it had a re- 
gular fort built upon it called a citadel, which ſerved 
as a retreat in 'caſe the town was ſuddenly taken : 
And forts on the tops of the hills for ſeveral miles 
round it were deemed neceſſary to retard the approach 
of an enemy. Th- art has made no farther ad- 
vances towards perfection. 


7 


When an enemy approaches, they run a ditch 

with temporary forts pot the place called a line of 

circumvallation, this defends them from the ſallies of 

F and des Ä ORE 
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habitants. 
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habitants. If an ally to the beſieged approach, the 
befiegers.ran another ditch without the other round 
themſelves called a line of contravallation. The ap- 
proaches are made towards the town by opening 
trenches deep enough to defend the men from the 
town's fire; theſe trenches run in ſuch angular turn- 
ings” that the befieged cannot fire into them; and 
when they are got near enough the town a mine is 
frequently dug that runs under the baſtion, from 
whence it is blown up and the beſiegers ſtorm the 
place over the ruins, if a capitulation, or a counter- 
mine has-not taken place before. 


LECTURE WW. 
PNEUMATICS. 


HE air is a thin fluid, which encompaſſes the 

globe of the earth on all ſides, it revolves along 
with it round its axis, and attends it on its ann 
Journey round the ſun, If a peach be made to re- 
preſent the earth, the air will be aptly ſignified by 
the down growing on its ſurface. 28 


This body of air, together with the clouds and 
vapours that float in it, are called the atmoſphere ; 
and it reaches about forty five miles above the ground 
before it degenerates into too thin an ether for any 
creature to breathe; this is known by meaſuring 
with a barometer the weight of the atmoſphere in a 
Jow valley, and on an high mountain, and may be 
familiarized by ſuppoſing a thouſand fleeces of wool 
one piled upon another, where the loweſt will be 
TTY - - | greatly 
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tly compreſſed or ſqueezed together, the next 
— — next not ſo much as that, Sc. till 
we come to the uppermoſt which will lie in its na- 
tural looſe ſtate. The air by being elaſtic and par- 
taking of the earth's attraction is neceſlarily drawn 
into a progreſſive ſtate like this. | 


The air is fo ſubtle that it pervades the pores of 
all bodies, and enters into the compoſition of moſt 
animal and vegetable ſubſtances ; yet it is a body, 
becauſe it excludes all other bodies from the place it 
poſſeſſes, if ſo confined that it cannot eſcape; hence 
the origin of the diving bell, for if we link a bell 
in water with the mouth open downwards, little 
water will make its way into it, and a perſon may 
deſcend and live in a bell ſo long as to take up wrecks 
at a conſiderable depth, if a veſſel of the ſame kind 
be kept conſtantly ſupplying him with freſh air, and 
that corrupted by his breathing be let out by a pi 
reaching from the upper part of the bell above the 


ſurface of the water. 


The air has all the properties by which a fluid is 
diſtinguiſhed, it yields to the ſlighteſt impreſſion, its 
parts move eaſily among one another, and animals 
breathe and move thro' it without any difficulty. 
Yet it has four ſingularities which diſtinguiſh it 
from moſt fluids. 1. It can be compreſſed into a leſs 
ſpace than it naturally poſſeſſes. 2. It cannot be 
congealed or frozen. 3. It is of a different denſity 
in every part upward. 4. It is of an elaſtic nature, 
and the — * its ſpring is equal to ĩts weight. 


As the air is a body it muſt needs have weigbt; 

this is proved. 1. By its preſſing the hand that 

covers the top of an exhauſted receiver. 2. By im- 

the ſtem of a bulthead into a veſſel of water, 

and covering both with a receiver, then 2 
* 


{ $p. 1 
the air out ef both; on letting in the air on the ſur- 


face of the water jt forces it into the exhauſted bolt- 
head. 3. A bottle that holds a wine quart being 
emptied of air, and weighed, is found to be about 
17 grains lighter than when it is full of air, ſo that 
a quart of air on the earth's ſurface is 17 grains. 
4. If a wet bladder be tied over the top of an open 
receiver, then ſet to dry, after which the air ex- 
hauſted from under it, the air's weight will then burſt 
the bladder with a ſurpriſing report. 5. On a move- 
able plate place a tall receiver, open its cock and ex- 
hauſt the air out of it, then ſhut the cock, and im- 
merſe the ſtem in which it is fixed into a veſſel full 
of water; on opening the cock the air's preſſure on 
the water will force it into the receiver in a beauti- 
ful fountain. 6. If an hole be made in the bottom 
of a cup, and have a bit of dry hazel or willow 
branch fixed into it, and this put into a hole on the 
top of a receiver; when quickſilver is poured into 
it, and the air exhauſted, the quickſilver will be 
forced thro' the pores of the branch by the weight 
of the incumbent air, and will fall in a cunous 
ſhower into the receiver. 7. If a tube of 32 inches 
Jong, and open but at one end, be filled with quick- 
filver, and then the open end immerſed in a jar of 
quickſilver, that in the tube will ſink to the height at 
which it then ſtands in the barometer ; if this jar 
and tube be put under a tall receiver, and the air 
exhauſted, the quickſilver will deſcend out of the 
tabe into the jar ; but upon admitting the air again 
into the receiver, its preſſure will drive up the quick- 
filver into the tube, and ſupport it therein as it 
ſtands in the barometer, which proves that the quick- 
hilver in the barometer is kept up ſolely by the 
weight of the air. 8, If the air be exhauſted out 
of two- braſs hemiſpheres of about 12 inches area 
it will require a force equal to 180 pounds to ſepa- 
rate them. | FEET 

| To 
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To prove that theſe effects are ade pridueed by 
* and that there is o ſuch principle in nature 

. Place a ſmall receiver at ſome diſtance from the 
hole in the pump plate, and cover it with a large 
one over the hole; on exhauſting the air the ſmall 
one will remain looſe while the large one is made 
faſt to the plate; but on letting in the air the 
receiver will be releaſed, and the ſmall one nll. 
down. 2. If a pump be placed in water under +a 
receiver (Po) the air exhauſted, no water can be 
made to to riſe in the pump. 3. If two movable 
plates be fixed on the pump plate, with conmmunica- 
tions between them that can be ſtopped by cocks, 
if the air is exhauſted out of a receiver placed on 
one of them, and then a receiver placed on the 
other, and the communication opened, half the 
air in the laſt will by its ſpring maker its way into 
the firſt — —— q to WP 
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Bedathing is in Hime 3 belt by the 
power of the intercoſtal muſcles acting on the ribs; 


—— diſpoſed in form of a ſemicircular arch, and 
articulated wich the vertebra of the back, behind; 
and connected with the ſternum before, which are 
the two 8 on which 8 The dia- 
ph a partition drawn acroſs the body div 
the t 2 cheſt from the abdomen telly; 8 
is a muſcle, and by its diſpoſition and ſtructure en- 
ble of expanſion whereby it becomes concave be- 
and of contraction whereby it becomes flat; 
and by this motion alternately: rarefying and con- 
the air in the thorax, and thereby deſtr 
ing its equilibrium, to reſtore which the air 
preſs into the lungs, and when the diaphragma con- 
tracts, will be forced out again; hence the action 
of- breathing, as repreſented by a lung's _— 
whoſe 
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whoſe inſide has a communication with the external 
air, tho it is incloſed in à thorax of glaſs with its 
bottom cloſed by a bladder tied flaccid repreſenting 
the diaphragma. | II 


The elaftic quality, or ſpring of the air is thus 
proved. 1. If an almoſt empty bladder be put un- 
der a receiver and the air exhauſted, the ſpring of 
the air in the bladder will then fhew itſelf by ſwel- 
ling up the bladder as if it was blown. 2. If a little 
of the ſhell be cut off from the ſmall end of a freſh 
egg, and the egg put under a receiver, on ex- 
hauſting, the bubble of air in the big end of the VE 
will expand itfelf and drive out the contents of t 
. 2. If a fiſh in water be put under a receiver, 
the air exhauſted, it's air bladder will ſwell 
the fiſh fo as to make it ſpecifically lighter than 
water, and of courſe the fiſh will be buoy'd up to 
the ſurface. 4. If a cubic inch of dry wood in warm 
water, be put under the receiver, and the air ex- 
hauſted, large and innumerable bubbles of air will 
come out of the wood and make the water ſeem to 
boil; and in this manner may air be drawn viſibly 
out of the hardeſt bodies. 5. A. withered apple in 
an exhauſted receiver will be plumped up, and look 
quite freſh, by the ſpring of the air in the infide of 
it; and if a freſh one be pricked all over with a 
bodkin, and put in water under a receiver, on ex- 
hauſting, it will appear as if it was raoſting by a 
fire. 6. If a tall receiver be exhanſted; and the 
neck of a veſſel joined to its bottom be half full of 
water, the ſpring of the air on the ſurface of that 
water will force it out into the receiver in a beauti- 
ful fountain. 7. If a little air be tied up in a blad - 
der, and put in a convenient veſſel with great weigh 
upon it, on exhauſting the air, the ſpring of the 
air in the bladder will lift the weights; and ſhew 
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E 
that its ſpring is equally forcible with its preſſure 
therefore tho a middle fized man faltalls nbeve 
n pounds weight on His perſen, pet the 
— | _ of nears makes Hirt inſen- | 
ble 


Heat and cold, it $6 RC 
abſence of fire, are the moſt — cauſes of the 


air's rarefaction and ie po air be heated, 
1 (fot def before it was 


it ſwells, fo that the 
heated will contain fewer * than it did in 1ts 
ry conſequence 


cold ſtate. ' ind muſt ye the n 

of this ; for by what means r the equilibrium 
of the air is deſtroyed, its neighbouring parts wall 
never be at teſt till the balance is — 2 
the reaſon why air ruſhes ſo violently into a 
houſe ; into a eloſe room with-a great fire in it into 
warm towns, Sc. When the ſun's heat is incteaſed 
by the reflection of ſahds; or thi _ rocky 
mountains, Cc. the air will be rartfied, K 


euching in of the colder- air, de 
forced up into the higher part of the ainoſphere es 
Dumm a 


lar nd keeps the fun's — Aro 
it, but 2 all round it; 4 inet yt 
ftom beneath the cloud in all directions. Upon this 
principle alſo we account for the traue winds which 
2 anaer irs. 4 
tor; tot as paſſes ver | 
diredion, and farefies'the ar af 5e 
air will ruſh after him and cauſe trade. winds, 

if they are not diverted by vulcanos, burning /ands, 
mon tatns, Se. Hence alfo the mon/cons'; the day 
and night breeze on the iflands in the Weſt- Indies: 
the wind from weſt to eaſt on the coaft of . 

F r 3 . 
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- Tis . to point out here 2 A 
| theſe, properties coincide with the general ſcheme of 


the creation. 

dee 
"LECTURE V. 

PNEUMATIC 
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, HA T: the. air may "I bog dend or ſqueezed 
1 into leſs room than it naturally poſſeſſes is 
proved, i. By putting a blown bladder in a receiver; 
Af a foreinig ſyringe be then apply d to the receiver, 
and a quantity of air forced into it, the bladder will 
be ſhnveFd up by the ſuperior preſſure of the con- 
:denſed air. 2. If a copper ball be half filled with 
water, and a quantity of air forced into it as above, 
thto' a pipe that goes near the bottom of the ape ; 
if chen a ſpouting pipe be ſcrewed on the other 
the ſpring of the condenſed air on the ſurface — 
Water will exhibit an amazing fountain. 3. The 
moſt. formidable inſtance of condenſation is in the 
magazine, and walking cane wind guns; where the 
condenſed air has a ſpring capable of diſcharging 
12 balls one after another with the ſame eres as if 


e with gun Fame 


By compounding. — bodies, < an aſtoniſhing 
quantity of air will become condenſed in the pores 
of the new body ; of this kind are the grains of gun- 
powder, to Which if fire be a pplied, the condenſed 
air will be greatly rarefied, and its ſudden ſwell being 
reſiſted ** the adjoining air will cauſe an SG 

or 


* 
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For this reaſon gunpowder fire i in vacus > makes s nd 
exploſion. OUT A 155 
5 e n ith 


Sound is _ by ay „An hat . a eee e 
mulous motion to the air; this vibration ſtrikeing 
upon the outward ſhell of the ear, is from thence' 
conveyed up the auditory tube, and ſtriking againſt 
the tympanum, or drum, is ſo increaſed,” that in 
making its way up the labyrinth, it gives Thock to 
the auditory nerves inſerted in it, and there conveys 
to the ſoul the idea of hearing, or ſound. The arti- 
ficial ear makes this very evident.” And the clock 
ſtriking in vacuo without being heard'i 2 proof that 
ſound cannot exiſt without air en en 


1.0 aavhna) 


When the atmoſphere is light the corrupt air 
pent up in the cavities of mines (commuiticating 
with the outward air) will by its effort reſtore*the 
equilibrium ſwell into the mine, and hence the ſuf- 
focating damp which is met with in mines when the 
| barometer falls. This damp is made on the air 
by letting the air into an exhauſted receiver, thio* 
the flame of charcoal, ſulphur, or a candle; into 
which if an animal be put it is immediately ſuffo⸗ 
cated. The fire-damp proceeds from the ſame 
cauſe, only that its — are of an inflammable 
nature as riſing from the 1 nitrous, or 
2 inous ſtrata in the mine: This taking fire by 

the lights uſed by the workmen, will run 115 a train 

of gunpowder thro* the works; and as it is co 

the elaſticity occaſioned by the heat will cauſe ſuch 
exploſions as frequently blow up the mine. This 
damp is made on the pump by letting the air into an 
exhauſted receiver through the flame of the oil of 
turpentine; after which if a n I 55 * 
in me pen it will take ee 
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3 the pores ud cavities of all bodies are filled 
with air, an animal put N a receiver, and the 
air exhauſted, will ; becauſe as the air 
ee — —— Venta een 

ell the — „ ſhrivel up its lungs, 
"nd thereby op. the whole animal mechaniſm. — 


That Water, is preſent i in air is evident from "FOG 
it precipitate in a cloud as a receiver is exhauſting on 
the a Rump ; from, the dew on windows or other 

; bodies. when water ſtands for ſome time in an 

t om from the wet hair of thoſe who aſcend 
the ſides of high mountains; and from its entering 
ſpunges and hygrometrical inſtruments when hung 
in air; from Senſe more proofs. 'tis evident that 
air 45.4 menſtruum far water. Ar lying on water and. 
rubbing, per Rachen it, from this contact, 
and 3 * ton, the two fluĩds mutually 
unbibe. one another; (for air may be ſeen in water 
places 19 5 exhauſted receiver.) That an heavy, 
body; can. ile. in 2 lighter one when, its particles are 
ſeparated, and its ſurface. by, that means increaſed, is 
cergin rom go/4 being. dillolved and of courſe ha 
= if agua TAS, TERRI in agu fortis, Se. g- | 
in 25 by the ſame law; and the ferment 
by, all ſolutions. may be ſeen in the air 
ang the, * 5 wet ground on a warm day in 

+: bp he 


air — water not yet intimately mixed. 
af 1217 all Jolutions,—hence the quantity of 
clouds and lt where the ſun is vertical: The dry- 
— Mmality of the air in ſpring, and the rains and 
gh in winter: For ſummer. warmth aſſiſts in filling 
the air with water, and the winter's cold . 
brings ĩt down in high latitudes: And as the higher 
regions of the air are cold, and thin, the particles 
of, water run together and form clouds ff the 


height 


# 


ch the rays. of the ſun ſuffer-in 


1 


height of the mountain ;—the winds—and. their 
own attraction aſſiſt this junftion—uill their ſurface 
becomes ſo diminiſhed that they precipitate in a drop 
of rain : If the drop is frozen in its deſcent it falls 
on the groud an — + If the cloud be frozen, 
then broken fragments of it deſcend in flakes of - 
ſnow, Fags in an evening, are by the 
cold. condenſing; the vapours new raiſed from the 
2 . properly mixed with the 


F 
LECTURE i. 5 
HYDROSTATICS 


. Tg 3 , gravity, 
and motion of fluids in general ; and 
ing- ſolids _ them. Mater, like air, 805 
round and hard particles, as is proved putti 
ſalt in water without encreaſing its bulk ; we 
Florentine experiment, which Wes water through 
the pores of a copper ball: Hence tis evident there 
are uacuitier in fluids, and that no fluid can be preſſed 
bun 222 ee 


Fluids are id ie de er inpenfelt as their | 
parts ſhde with. more or leſs eaſe over one another, 
therefore quickſilver is the moſt perſect of all fluids. 


Waren being of the inperfef kind is ſeldom pure: It | 


adheres to any ſubſtance it meets with, mixes with 
its particles, and thence becomes unpregnated with 
Ns re it runs over: If water has come 


over * 


1 
over an alkaline ſtrata the ſyrrup of violets turns it 
reddiſh ; if over an acid ftrata the ſyrrup turns it 
greeniſh ; if over iron ſtone or iron mine a ſolution of 
galls turns itþlack ; and if over an alum ſtrata, oil of 
tartar turns it thick, Sc. 


Water being incompreſſible will not be more denſe 
at the bottom than the top of the ſea; but will have 
the wonderful property of preſſing, upwards and 
Sideways as forcibly as downwards in proportion to 
its perpendicular height, without any regard to its 

antity ; for as each particle is quite free to move, 
it will move towards that part on which the preſſure 
is leaſt; and hence no particle or quantity of a fluid 
can be at reſt till it is every way equally preſſed. A 
. Auid may therefore be conceived as made up of per- 
pendicular columns of particles, and as divided into 
imaginary ſurfaces each an mch or more from one 
another, the loweſt preſſed with the weight of all 
the reſt, Sc. hence a pipe fixed under the mo/# ſur 
faces will diſcharge the moſt water, &c. 


To prove that fluids preſs in all manner of direc- 
tions alike, take four gla/s tubes, open at both ends, 
but bent into all kinds of angles; theſe put in water 
near to their tops, the water will riſe in them to its 
own level. Or take a veſſel full of water with an 
hole at the bottom of its fide, of the ſame capacity 
as one in its bottom; and the two holes will be found 
to diſcharge the ſame quantity of the fluid in the 
ſame time. | | 


That fluids-preſs in proportion to their depth with- 
out any regard to their quantity, is evident, 1. From 
a bladder tied flaccid over one end of an open cylinder 
of glaſs; if water be poured into it, the bladder will. 

bulge downwards; but if then it be immerſed in a 
larger veſſel of water till the ſurface of the water 
WE within 
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within the cylinder be even with that in the veſſel, 
the bladder will then be flaltiſßh as if it were not 
reſſed at all, for indeed it is not then preſſed equally. 
f the cylinder be plunged: deeper the bladder will be 
preſſed upwards, ſhewing that bodies ſwim merely 
— the force of the pillar of water under them, en- 
deavouring to riſe to its level. 2. Lead is about 117 
times heavier than its bulk of water, if therefore a 
piece be held tight to the mouth of a cylinder, 
(open at both ends) by a ſtring within the cylinder, 
and let down into water above 11 times its thickneſs, 
the ſtring may be let go, and the upward preſſure 
of the water will hold the lead to the cylinder; but 
if the cylinder and the lead be raiſed till the lead is 
not 113 times its thickneſs below the ſurface of the 
water, it will then fall off and ſink. g. If a tube 
open at one end, and filled with quickſilver, have its 
open end immerſed in a baſon of quickſilver, hung ſo 
by, ſtrings that it may be let doun into a deep veſſel 
of water, according to the depth of the veſſel is funk 
the mercury, will vi a fourteenth part in the tube; 
and demonſtrate that quickſilver is fourteen times 
heavier than water. 4. If lead with a flat upper 
fide be put in the bottom of a veſſel, and a piece of 
flat wood be held on it while the veſſel is filling 
with water; if no water can get in between the lea 
and the wood to form an upward preſſure, the wood 
will be held on the lead by its own weight and that 
of the water above it. 5. If an empty bottle juſt 
made ſo heavy as to fink in water, be corked, and 
ſuſpended at one end of a balance, and with its cork 
pulled out be immerſed in water and filled, it will 
require as much weight in the oppolite ſcale to pull it 
up as will weigh all the water in it, which ſhews 
that fluids weigh juſt as much in their own element 
as out of it. 6. If a ſmall tube 30 inches long, open 
at both ends, and to one end (bent to a right angle) 
it has a large bladder tied; if then the bladder be 
5 — = "wu 
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put in a box, and a board be laid on it with 25 or 
30lb. weight upon it, and water be poured into the 
tube, the bladder will raiſe the weights, tho* the 
| bore of the tube ſhould be ſo ſinall, as not to hold 

an ounce of water, 9. The preſſure of 4 fluid upon 
the bottoms of all veſſels whatever, is proportional 10 
their baſes and perpendicular height without any re- - 
gard to the quantities they contain; for if on a looſe 
piſton ſuſpended on a balance a column of water of a 
foot be weighed it will be found to weigh as much as 
a column of water of the ſame height, tho* con- 
tained in a flanging veſſel that holds ten times as 
much. 8. If a /mall tube be joined to a very large 
one, and the whole be bent in the bottom ſo as the 
two parts may be either parallel, or make any angle; 
water may be poured into either tube, and it will juſt 
riſe as high in the orher, even though one ſhould 
contain ten thouſand times as much as the other 
does: This alſo ſhews that fluids you in ptoportion 
to their perpendicular heights without any regard to 
their quantities ; that water in pipes will aſcend to 
the Jevel of the ſpring from whence it came; and 
that jets or fountains would riſe the ame height, if 
not obſtructed by angular turnings, and the refilance 
of the air into which they play. N 


Smoke. does not riſe into the air becauſe of it pgfb- 
tive levity, but becauſe it is lighter than the air where 
it is produced: hence if the ſmall neck of a bolthead 
full of water be immerſed in a glaſs of wine, the 
lighter wine will aſcend up into the boſthead, and the 
heavier water deſcend into the glaſs. For the fame 
reaſon, a body ſpecifically (or bulk for bulk) Benvier 


than water will ſink in it; a body of the /ame weight 


will lie indifferently any Where in it; and one ſpect- 
fically lighter will of courfe ſwim in lt. 
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If a ſtick be countetpoiſed on a ſcale beam by 
water, and after that immerſed in à veſſel full of 
water, it will cauſe ſa much of the Water to flow 
over the brim as will be ſupplied by that in the © 
polite ſcale: Hence tis evident a hig diſplaces jul 
ſo much water in the ſes as is equal to its on weight 
and cargo: And hence alſo the frengtih of. wad may 
be judged of; for if a piece of oak f a foot long 
de immerſed in a narrow veſſel of water it will be 
found to fink about Y of its length: Beech about 
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A ſalid body heavier than its bulk of water, wi! 
boſe juſt fo much of its weight uuben ſuſpended in ir, 
as its bulk of water weighs : But the weighs {off by 
the folid is gained by the: fluid. Hence if the weight 
of a body in air, be divided by What it loſes in a 
fluid, the quotient will ſhew how much heavier it is 
than its bulk of that fluid ; or its ſpecific. gravity. 
By this tryal pure gold is found: ta he 13 9,649 times as 
| heayy as its bulk of water; Gurnee gad 11,993 
times as heavy: Quiekfitver 14 times: Lead 115325 
times Standard ſiluer 10,535 : Capper g: Plate brafs'$: 
Steel 75,85 : Iron 7, 645: And block tin 7,32. 4 
cubic inch of braſs loſes 2335 grains of its aerial weight 
in water: In proof ſpirits it loſes 235 grains; there 
fore a cubic inch of water weighs 2335 and a cubic 
inch of proof ſpirits 235 grains: And the ſpecific 
gravities of pure ſpirits, proof /pirits, and water a 
as 840,923, and 1000. From hence may be con- 
ceived the great uſe of the hydroſtatic balance. 
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uare root of the depth: And the velocity with 
which a fluid ſpouts at any depth below the ſurface, 
is equal to that which a body let fall h height 
would acquire. Pipes alſo diſcharge a ftuid (wh 
placed at equal depths below / the ſurface) agreeable 
to the ſquares of their diameters, i. e. a pipe twice 
the diameter of another will diſcharge four times 
as much of the fluid, in the fame time ; thrice the 
diameter, nine times as much; four times the dia- 
meter ſixteen times as much, c. 


Fluids pre/s or refit according to their denfity : 


and hence a boat will carry more on /alt than freſh 


water. The bydrometer ſhews this very perfectly; 
tis buoyed up by alt and water mixed with vinegar, 
Sc. but ſinks in wine, ſpirits, Sc. according to 
their lightneſs, and hence tis uſed for trying the 
lightneſs or ſtrength” of liquo rs. 


A Syphon acts agreeable to that equal fate which 
nature affects through all her operations; it will not 
run unleſs the weight of water in the outer leg, be 
greater than that of the inner leg above the water in 
which it is immerſed, as the water falls therefore 
from the outer leg, it will make a continued vacuum, 
and of courſe: the preſſure of the atmoſphere-on the 
ſurface of the water, will force it thro? the ſyphon in 
a continued fream, if kept free from that lodgment 
of air which frequently takes place on the top ot᷑ the 
ſyphon. By the Tantalus cup, and fonntain at com- 
mand, the cauſe: of intermitting ſprings is explained 
thus; N e ee e Wh "15 


: 


loads being attracted by the mountains give a 

continued ſupply to thoſe reſervoirs of water which 
are 1 found in the bowels of the mountains, 
and which ſupply /prings in general: But ſhould 
the channel from one of theſe reſervoirs be formed 
up! like 
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like a./yphon, r proceeds 
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ME action of the common pam depends be 0 
preſſure of the atmoſphere : When the piſton is 
Taiſed' above what is called — ſucking valve, it cauſes 
a vacuum and the water will be forced up 33 feet, 
but not higker; which ſhews that a column of water 
——— ht is equal to the weight of a column of air 
— thickneſs reaching from the earth's ſur- 
face to e wp ofthe re; Therefore at 
diſtance above the well leſs than 33 feet the 
on will work, and water from thence may be 
ifted to any height whatever, In a forcing”. 
— piſton 1s a ſolid plunger; it raiſes the waters | 
the ſucking valve as in the laſt, but:when the plun- 
ger deſcends (as che water cannot return thro the 
valve back again) it foroes it into: a larger air veſſel 
.which communicates'/with the body of the pump 
above the ſucking/ valve; and ag by this forct the 
air in the veſſel becomes condenſedʒ its action on the 


water cauſes it to flow — — — . — 25 


continued ſtream} The for extinguiſhing 
fires conſiſts of tu e forcing pumps, with their 
air veſſels. £7 36) > 4 *U JON of 0 10 ag as 


The lifting pump can only be uſedik deep' water, 
as its piſton is worked by a rod going in at its bottom, 
1 to a re up each ſide of the 

F 2 pump 
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pump: This piſton has a valve ope ng upward, 
and it works below the ſurface of . —— in which 
the pump is immerſed, and thence has no occaſion 
for the air's preſſure, or a ſucking valve, This 
pump is generally equipt with an air veſſel as the 

laſt. On theſe principles engines are made for rai- 
ſing water aþove the level-of rivers or ſprings ; but 
if three pumps are worked in any engine by a triple 
2 and all of them throw their water into one 
there is no occaſion for an air veſſel, becauſe 

there will be always one or other of the” piſtons 
acting, ut as to rey the water out in a regular 
4 , "+ -* * op 

: 

Abele 5 Ken pump mike: water hon, its en- 
degvour. to fall—'tis three or four hollow threads of 
a ferew wound round a ſolid cylinder; it muſt riſe 
out of the water ſloping, ſo as the threads may all 
imcline downwards, 3 when turned round, the 
1wases! _l riſe 1 in it but to no great eight, 91 5 


7 5s un ne * by Dr. Barker, ip a 
| All cube ef wood or metal 20 fevt. high, and about 
five inches diameter; it ſtands on a point perpen- 
dicular; and has to its bottom two or more hon zcn- 
tal arms'or tubes fixed of about ſix feet long, com- 
municating with the upright tube, and perforated 
with holes, one in each arm and on the ſame ſide in 
each ; through | theſe holes the watet which flows in 
at top ſpouts out; and by giving a puſh. to the air, 
and preventing the water's preſſure on that ſide the 
arm, force the whole machine round, and carries a 

pair of ſtones at top, ot pumps, or any ings 
capable of being moved by a circular motion. 


The bucket eng iur for raiſing water by pumps 
out of mines Sr. is well calculated for fituations 
where the ſtream that carries it W 


16% $) 
garry a wheel: The bucket hangs 


and is too ſmall to 
on one end of a beam like that of a fire engine; 
and at half the diſtance from thence to the fulcrum 
hangs the pump rods ; on the other end of the beam 


a counterpoiſe, rather heavier than the empty 
bucket, and the + yrs of n on the piſton + 
but when the bucket is filled by the — — is 
heavier and deſcends; the bucket — 

a little on one fide the center of its gravity, {: — 
one ſide is heavier when empty, —— * 
full, and being unlocked by its d . 
poiſe turns and empties it, and — it aſcends" nd 
opens a valve which again lets the — into it, 
and makes it deſcend in. This motion ee 


ee 


Ae forving pumps r ſupplying houſes: wh 
water, are alſo worked by an engine of ſimilar prin- 
ciples, but with ſtill - greater ſimplicity: A beam in- 
clming downwards to each and from the center on 
which it hangs, has a trough cut in it, from a diviſion 
in the middle down to each end, where buckets are 
fixed for receiving the water that works it, and 
which flows into the trough, firſt on one ſide the 
diviſion and then on the other, as the ends riſe 
and fall: When one bucket deſcends, the valve in 
its bottom falls on a pin, which opens it, and lets 
out the water; mean while the ſtream is filling the 
other bucket, which when full, deſcends in _ m. 
a5; and each end works a forcing pump. we 


The centrifugal machine claims Kill — merit 
in force and {implicity ; its ſhape is like the letter T, 
*tis hollow t, and its three ends are open: 
When the loweſt end is immerſed in water, and it is 
whirled round on that end, the air in the arms will 


be — thrown out by the centrifugal force, 5 
tly the preſſure of the atmoſphere on 


— 
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farface of the water into which it is immerſed will 
force it up the tube and throw it out at the arms; 
hence a continued vacuum is made, and of courſe 
a continued ſtream thrown: out. The perpendicular 
tube muſt not be above 33 feet high for reaſons 
already given. Two men will diſcharge near three 
times as much water with this machine in the ſame 
time as with any pump yet invented: The inventor 
had one hundred guineas premium from the ſociety 
and tis now fitting up on board the king's ſnips. 


The fire. (or rather ffeam) engine, is one of the 
nobleſt preſents that art has made to the neceſſities 
of mankind !: When the particles of water are ſe- 
parated by fire, they compoſe an elaſtic vapour, called 
feam; this vapour is capable of occupying almoſt 
20, 00 times the pace it did in its ſtate of cola- 
water; tis of force ſufficient to drive away the air, 
and it may be condenſed, or brought back to water 
again by cold. (Theſe principles gave riſe to the 
machine) Hence a long hollow cylinder of iron com- 
municates with an huge and cloſe hoiler half filled 
with water, by a neck which can be opened or ſhut 
up by a ſliding valve called a regulator: The cylinder 
is exactly filled by a piſton made arr-tight, that hangs 
on one end of a beam of timber about 20 feet long and 
ſuſpended on a center like a ſcale beam; at the other 
end of the beam hang the rods which work the pumps 
in the bottom af the mine, and throw up a part of 
the water into a reſervair on the top of the building : 
From this re/ervorr there comes a pipe under and thro 
the bottom of the cylinder that by opening a cock 
(called the injection cock): plays a jet of cold water 
into the cylinder to condenſe the ſteam; after which 
tlus water falls thro' a pipe (with a valve opening out- 
ward,) and forms the hot well: Another pipe alſo 
with a valve outward called the /nifting valve is 
fixed near the hottom of the cylinder, and ſerves to 
393 3 let 
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let out the air or ſtcam without letting it retutn. 
The regulator and injection cock are alternately opened 
and ſhut by a piece of timber hanging from the large 
beam; and a ſtream is let into the bozler, or ſtopped, 
by a floating copper ball in the boiler that regulates 


the height of the water. If now a large fire be put 
under the boiler, and the ſteam let into the cylinder 
by opening the regulator, it will drive out the air, 
and poſſeſs the ſpace itſelf; but ſo ſoon as the in- 
jection cock is opened, the jet of cold water will play 
into the ſteam in the cylinder, and condenſe it into a 
few drops; hence a vacuum 13 formed in the cylinder, 
and the preſſure of the atmoſphere. on the piſton will 
force it down to the bottom of it; the ſteam: then 
being let in again will counteract the air's preſſure, 
and with the weight of the pump rods on the op- 
poſite end of the beam, bring up the piſton to the 
top of the cylinder. This action is repeated faurteen 
or //ixteen times in a minute, and works the pump in 
the mine. As the Frictian of this machine is very 
great, inſtead of reckoning 15/6. preſſure on every 
ſquare inch on the piſton, 10ʃb. will be found nearer. 
it then the weight of a column of water, the depth 
of the mine, and the diameter of the pump be cal- 
culated, the neceſſary diameter of the cylinder will 
be uu found. d mn er 


The fire engine with the inverted: piſton ſpares the 
expence of both a beam and hutiding; the cylinder with 
its open end downwards, ſtands over the pit or Gt 
_ of the mine; the boiler ſtands by its fide, the injection 
ell above it, and to its prion the pump rods: are 
faſtened. The regulator (of great ſimplicity). is the 
injection cock alſo. When the ſteam is let in at the 
top of the cylinder, and condenſed by the injection 
water, the upward preſſure: of the atmoſphere forces 
the piſton from the bottom to the top of the cylinder, 

3 4 and 
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and the weight of the rods, and ſtrength of the 
ſteam forces it back again. This motion works the 
pumps. | wed 


The cold water vacuum will do this buſineſs with 
ſtil} leſs machinery and gxpence, where the water that 
works it has a fall of 40 feet. With the bottom of 
the cylinder there communicates a perpendicular 
wide pipe of 33 feet long, having a regulator at its 

„ and another at its top. The pifton and 
beam are the ſame as in the common fire engine. 
The water being let in at the bottom of the cylinder 
will fill both the cylinder and the pipe below it; if 
then the regulator at bottom be opened the water 
will deſcend out of the cylinder, but not out of the 
pipe, becauſe it is then but a unter poiſe for the at- 
moſphere : Thus a vacuum is formed in the cylinder 
and the piſton will deſcend, and ſhut the upper re- 
gulator ; but when it reaches the bottom it opens it 
again, and as the cylinder fills, the piſton riſes. 
Thus action is given to the beam; and water ap- 
plied in this way is perhaps the moſt powerful agent 
it is in any other. N. B. For ought I known theſe 
two engines are new and unknown to the public. | 


Blakey's patent fire engine, performs by conden- 
ſing the air, what the others did by its preſſure or 
weight. It has 1ſt. a reſervoir into which the waters 
of the mine deſcend. 2d. A cloſe and ſtrong cyhn- 
der of iron placed on the bottom of the reſervoir 
with a valve in its bottom opening upwards: This 
communicates by a cock with, - 3d. the boiler; when 
this cock opens the ſteam ruſhes into the cylinder; 
(and is not condenſed beauſe a body of air lies be- 
tween it and the water) and preſſes fo hard on the 
water as to force it up a pipe fixed in the bottom of 
the cylinder, and which reaches up to the — | 

0 
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of the ground; in this pipe is a valve that will not 


ſuffer 


water remaining in the pipe to fall down. 


dhe Duke of Bridgewater's curious colliery at 

Worſley ex miles from Mancheſter, lies on a level 
with the general part of the country, tho' upwards 
of forty yards beneath the ſurface ; this circumſtance 
gave the opportunity to open a navigable canal thro? 
the ſide of the hill up to the mine, which both drains 
the ſeams and conveys the coal to Mancheſter in long 
narrow boats that can ſail under ground to the very 
works: This ſubterraneous paſlage is near a mile in 
leng h, about four feet wide, and five high above the 
water; is arched with brick, or ſolid rock; and has 
ſeveral openings up to the ſurface to make a free 
circulation of freſh air. About a mile from Worſley 
the canal croſſes the river Irwell at Barton-Bridge, 
over an aqueduct of ſtone 200 yards long, and -25 
high; here the boats of the old navigation ſail under 
thoſe of the new; two great roads alſo paſs under 
it. From hence it extends to Mancheſter and ends 
in a large baſon made both to contain the boats, and 
give the water of a river, taken into it here an oppor- 
tunity of ſpreading itſelf round a curious wear, that 
in caſe of a flood takes off the abundant water ;. by 
theſe kind of wears properly placed the canal is pre- 
vented from riſing above its due level. Out of this 
baſon the boats paſs under an huge ſubterraneous arch 
of brick under the adjoining hill, and have their 
conten en up through an Neu- in the ground 
(by a us machine worked by a ſubterraneous 
river) and diſcharged ſo high as to deſcend on an in- 
clmed plane as it were into the town. In all con- 
venient places there are flood - gates in the bottom of 
the canal, two of which being ſhut the intermediate 
water can be let out, and the bottom repaired, the 
fiſh taken, &c. and in caſe of a breach, they ſhut 
themſelves. OEconomy and ſtrength ars diſtin- 
G guiſhable 


4.9] 
guiſnable in every part of this work: Bridges, placed 
at ſeveral miles diſtance were formed in the quarry: 
a floating ſmithy and joiner's ſhop followed the work; 
boats carried the rubbiſh of one place to fill up 
another, for carts were never uſed ; the walls under 
water were made perfectly ſolid, by runing mortar 
and ſand between the ſtones with water conveyed in 
ſmall pipes from the canal; and one man's work 
made ſo immediately to depend on another's, that 
one could not ſtop withont diſconcerting all the reſt. 
At Stretford the country falls fix yards below the 
level of the canal for a full mile, to fill up which a 
caſſon or artificial canal was formed of deal balk of 
40 yards long, 17 wide, and 6 deep, which bemg 
filled with water from the canal, boats with opening 
bottoms could ſail in and diſcharge their loads with- 
out trouble, and fill it up to the level; the caſſon 
was then ſhifted farther, Sc. till the canal was 
carried by that means over the valley : This method 
prevented the land carriage of the earth to raiſe it, 
and by the earth falling through the water and lying 
in it, it became folid enough to ſupport the canal 
on its top. The deſign of this work is /wofold, an 
extenſive coal. mine is worked to great advantage by 
means of it: And in a few years it will open a com- 
munication between the large trading towns of Man- 
cheſter and Liverpool, like thofe in Holland ; and as 
the trade of the two towns have the moſt intimate 
connection; not only their inhabitants, but thoſe of 
the intermediate countries will derive many perma- 
nent and laſting advantages from it. 
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LECTURE VII. 


ELECTRICITY and Mad NETIS MI. 
ties of air and water being 


T H E general 

defined, thoſe of earth and fire follow of 
courſe.— Air and water are volatile, and eaſily ſepa- 
rated by fire from the bodies they help to compole : 
Pure earth reſiſts the utmoſt force of fire, ſo that 
what remains of a body after it hath been expoſed 


to the fierceſt fire may be conſidered as (nearly) pure. 


earth. Fire is the moſt powerful agent in the de- 
compolition of bodies, for its particles being in- 
finitely ſmall, and agitated by a rapid motion, it 
eaſily penetrates the. hardeſt bodies. Fire is alone 
eſſentially fluid, and the principle of fluidity in others, 
by ſeparating their parts; hence air itſelf might be- 
come ſolid, if it could be entirely deprived of the 
fire it contains, as bodies of the moſt difficult fuſion 
become fluid, when penetrated by a ſufficient quantity 
of the particles of fire. The greateſt degree of heat 
producible by man, is that excited by the rays of 


the ſun collected in the focus of a large lens or burn- 


ing-glaſs. All bodies contain fire, for any body vio- 
lently agitated grows hot; yet heat is nothing but 
an idea in us, produced by the greater or leſs mo- 
tion of fire, and in which the judgment of our ſenſes 
is wholly uncertain. When a body gives fire a mo- 
tion in right lines, it is lucid, and excites by its flow 
on the retina of our eyes the idea of light; but heat 
will move in oblique lines Yet there is not always 
| G 2 light 
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light when there is fire, and yet there cannot be 
light without fire, tho' in the ignus fatuus, rotten 
wood, dry-fiſh, Ac. we cannot ' perceive it 
it is leſs hot than our bodies. Quicłſilver when it 
plays into an exhauſted receiver in the dark produces 
a ſtrong light. Phofophorus alſo contains much fire, 
but the water in which it is put keeps it in: Air alſo 
partly keeps in the fire in hot water, for if one of 
two veſſels equally full of hot water, be exhauſted 
on an air pump, the fire will eſcape and make it 
but luke-warm when the other is ſtill hot. Flame is 
the vapour heated red rot, which is emitted by the 
burning body. n "HO. i 5 4. 


Euementary or Electric fire has many of the above 
qualities, but is of greater ſubtility, and has ſome 
properties altogether different: It is inherent more 
or leſs in all ſubſtances, - but ſome conduct or tranſ- 
mit it, whilſt others tp its progrefs from one body 
to another. Glaſs, hair, filk, gums and other excre- 
ments of nature are non- conductors, and call'd elec- 
tries; but metals, water, Wood, and moſt animal 
and vegetable ſubſtances are condufors, and are call'd 
non electrics. 1. If a long tube of glaſs be rubbed 
all one way with a warm hand or cloth, an atmo- 
775 of this fire will be formed all round it, and 
if a finger approaches the tube the fire will come 
viſibly off the tube into the finger with a ſnap: 
The reaſon is, the friction collects the fire, and the 
ſpark is the effort it makes to diſperſe itfelf again, 
and thereby reſtore its equilibrium. 2. If the fame 
tube electrified, approaches a feather hung by a ſilk 
thread, it will attract the feather once, but if held 
to it again will repel it. The ſilk will not conduct 
the electric fire; the equilibrium is therefore effected 
between the tube and the feather on the firſt approach; 
on the ſecond, the atmoſphere of the tube preſſing 
on that of the feather, drives the feather from it; 

| but 
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but if the feather be ſuſpended by a flaxen thread, 
the electrified tube will always attract it, becauſe the 
fire can make its eſcape up the thread and thereby 
leave a continued inequality between them. A large 
globe or cylinder of glaſs; with a cuſbion covered 
with an amalgama of quickſilver and tinfoil to pro- 
duce the friction; a prime conduttor to take off the 
the electric atmoſphere from the glaſs, and depoſit 
it in a glaſs recetuer covered with tinfoil to within two 
inches of the top, and a heel to put the cylinder in 
motion, is called the electric machine, or fire pump; 
when this machine is put in motion, it deſtroys the 
equilibrium of the electric fire about it, and from 
thence the whole of its phenomena proceed, as may 
be proved by experiment. 1. If a perſon touch the 
electrified conductor, the fire will eſcape thro' the 
perſon into the ground with a "prodigious flaſh 
and report. 2. If any number of perſons take hands, 
and the firſt perſon holds a chain which communi- 
cates with the-ourfide of the receiver, and the laſt 
perſon touches the communication with the infide 
when the phial is charged, the fire will reſtore itſelf 
thro? all the company at the fame inſtant, giving 
each a ſevere ſhock at the wreſts and elbows in its 
paſſage back again to the on7/ide of the phial. 3. If 
a perſon ſtands on a ſtool with ' glaſs feet, and holds 
a chain faſtened to the conductor, on turning the 
machine, and touching him, ſparks may be brought 
out of every part of his perſon and cloaths, and if 
he touch warm ſpirits or gun-powder with his finger 
they will take fire; which ſhews that the electric 
fire is chiefly pumped from the earth, and cannot re- 
turn to it again thro* glaſs. 4. If a ball be hung on 
the conductor, and a plate of bran or leaf gold be 
placed under it, on electrifying the ball, the bran 
will be alternately attracted to and repelled from 
it in a beautiful ſhower ; here, the particles of 8 
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bran are carriers as it were of the electric fire from 
the ball to the plate: And if two bells be hung on 
the conductor, one by a flaxen thread, and the other 
Dy a ſilk thread (having from it a chain to the table,) 
if a ſmall clapper be hung between them on a ſilk 
thread, it will carry the fire from one to the other 
and thereby ring both. 5. EkAarified feathers ſpread 
out their threads radically ; if a round body be 
held to them they cling to it and depoſit their fire; 
but if a point be held near them they brinł at once, 
becauſe the pores of the point are better diſpoſed to 
receive the fire inſtantancouſiy than the round body; 
hence the reaſon why the wires on the American 
houſes have all points to receive with more eaſe the 
electric lightning from the clouds, and thereby pre- 
vent its miſchief: This experiment alſo demonſtrates 
why the /enfitive plant ſhrinks at the touch. 6. If 
wires fixed like the ſpokes of a wheel be ſuſpended 
on their center, with their points bent all the ſame 
way and in the plane of the circle ; on being elec- 
trified, the effluvia flowing from the points will ſtrike 
ſo forcibly upon the air as to force the wheel round 
with great rapidity. 7. Mater and ſalt (like the cylin- 
der and cuſhion) will collect the electric fire when put 
in motion, for one is an electeic and the other a non- 
electric body; hence the ea itſelf becomes as it were 
an huge electrical machine when violently agitated by 
winds, collecting on its troubled ſurface the fire from 
beneath, and looking in the night as if it was all in 
flames. Clouds raiſed from a fea fo circumſtanced, 
muſt needs contain more of the electric fire than 
clouds raiſed from the land, or a calm ſea; if there- 
fore two clouds meet, fraught with unequa' portions 
ef this fire, the cloud more electrified will depoſite 
its abundance in the cloud Je/s electrified, and with a 
flaſh of lightning reſtore the equilibrium; this fire 
driving away the air, the adjoining air will ruſh in, 
| | and 
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and with a report called thunder reſtore the equili- 
brium of the air: If a cloud attracted by a neigh- 
bouring mountain contains more electric fire than 
the- mountain, the lightning will dart from the cloud 
to the mountain, and vice verſa ; hence if an elec- 
tric cloud comes too near a tower, tree, houſe, 6c. 
and they are not wet, the fire will deſcend on them 
in an effort to reſtore the equipoiſe, and if greatly 
obſtructed in its paſſage to the earth will perhaps 
break them all to pieces; to be dry, or ſtand under 
a tree or ſhed is therefore dangerous in a thunder 
ſtorm; and ſhews alſo the extream utility of having 
a wire from the ground to the top of any tall build- 
ing, down which the equilibrium will be reſtored 
without danger, and if a finger at that time be ap- 
plied to the wire it will give the electric flaſh much 
ſtronger than by any machine. A kite ſent up into 
the thunder cloud by a wet packthread, having a 
key tied to its end and held by a ſilk ribband, 
will extract the fire from the cloud; it will come 
down the. wet ſtring, and ſtream off the key to the 
ground in a beautiful, but alarming torrent of fire. 


'Tis thus, by weight and meaſure, the Almighty 
has proved ſelf-phyſic for the diſorders of his works 
4 


If a capillary ſyphon be made to decant water it 
will fall from it in /mall drops, but if the water be 
electrified it flows from the ſyphon in a /awwift ftream. 
Hence tis found that a perſon ' poſitively eleftrified, * 
(i. e. having more electric fire thrown into him than 
his nat urul quantity, by ſtanding on a cake of wax, 
and touching an electrified conductor has his pulſe 
accelerated almoſt one third. This acceleration has 
been found of great ſervice in obſtructions, rheuma- 
tiſins, palſies, &c. and the electrical ſbock has been 
ſtill more ſucceſsful in removing paralytic complaints, 

. deafneſs, 
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deafneſs, tooth-ach, numbneſs, Sc. but its medical 
qualities have not yet been well aſcertained. 


Some hold electricity and magneti/m as relations, 
becauſe iron ſtruck by lightning acquires polarity, and 
magnetic attraction. The hoadſtone and iron are called 
male and female, becauſe of their likeneſs, and at- 
tracting nothing but one another. One Magnus a 
ſhepherd firſt diſcovered this wonderful ſtone from 
its ſticking to the iron in his ſandals, and from him 
it had its name: Its attraction is at two points called 
its poles, and if the ſtone was broke in a thouſand 
pieces, each piece would have its attracting poles; 
this attraction is ſtrongeſt in contact, and diminiſhes 
by a proportion not yet found out, but that pole of 
the ſtone which attracts one end of a touched needle, 
will repel the other. Flavius Gio of Naples, about 
three hundred years ago, firſt diſcovered that a piece 
of iron rubbed on it, and then ſuſpended, had the 
property of pointing north and ſouth, and thence 
apply'd it to navigation. An hundred years after it 
was found by Sebaſtian Cabot to have varied above 
11 degrees eaſt from its firſt point, and at this time 
it is near 20 degrees to the weſtward, ſo that in 1900 
years it will have made one entire revolution. This 
variation of variation Dr. Halley attributes to a pro- 
digious loadſtone in the center of the earth, which 
he ſuppoſes has neither of its poles in the earth's axis; 
nor preciſely the ſame revolution. 


Artificial Magnets may be thus well made: Lay 
four ſmall bars of iron touching one another in a 
line, lengthwiſe; ſlide one pole of a magnet from 
the right hand to the left over them ſeyeral times, and 
they will be good magnets : But if then you ſlide the 
ſame pole'over them from the left hand to the right, 
the magnetic virtue will be entirely taken from them, 
If ſeveral bars be firſt bent like an horſe-ſhoe, and 
two ata time joined (ends together) run over as 

| ; above, 
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above, then the whole; made up into ne maneteait 


a caſe, with their attract poles together an 


; th 


— fir b eee Hire ig , 
on CX ong S and 
can deſtroy the power of theſe magnet: th time 


will weaken them, if as much iron as they an pe} 
ſibly ſupport, hang not continually on them. To 
recal the decreaſed virtue of a magnet, hang a large 
ſand bag to the iron adhering40 it, and keep every 
day encreaſing the ſand .o give the: wre 10 8 
knife, draw it over either pole from hilt too pdint 
ſeveral times To ſee the lines in which a magnat at: 
tracts, lay on a har magnet a piece of ' window gilaſs, 
with a ſmooth paper upon it, on this ſtre i few 
feel filings, and the magnetic rays wall appear in mon | 
gg curves. 
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T5 — 3 dignity of 
4 ſo divine a ſubject.— Ligbi is the bleſſing ich 
gives poignancy to all others, — therefore the ſcicnoe 
of optics which immediately treats of it muſt reflect 
e importance. Some believe 
to exiſt even in the ab/ence of luminous body, 
and that it is only Wr 
tion 
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The moſt and probable opinion how- 
2 id that itflows/ immediately ./rom the luminous 
body in ſtreight” lines,” in all manner of directions, 
and” cotifiſts of purticles To infinitely ſmall as to ex- 
ceed all human co henſion. A proof of this 


ſmallneſs is, that a candle will fill a ſphere of four miles 
in diameter, without the leaſt ſenfible loſs of its ſub- 


ſtance: And if a row of candles ſtand parallel to a 
black” paper with a pin hole in it, each candle (chro- 
that hole) will make a ſeparate ſpeck on a paſte-board 
ate behind it. Theſe: particles by falling upon 
the rermeot our eyes; excite in our minds the idea 

of light: And when they fall upon bodies, and are 

by her reflected to our es 224 Excite in us the 
idea of theſe bodies. | 


We cannot ſee thro” the bore of a bended pipe; ö 
which proves that light moves in ſtraight lines in 
every medium of uniform denfity. But when they paſs 
obliquely out of one medium into another, which is 
either more denſe or more rare, they are refracled or 
bent towards che Herſſer | medium, more or leſs as 
they fall more or leſs obliquely on its ſurface. To 
prove * ut ut aſe HGilling in the bottom of an empty 
veſſel; from it that the veſſel may hide 
the Cain, ; 1 water be then poured into it the 
ſhilling will again be ſeen. Hence we are deceived 
in the depth of water: A ſtraight ſtick put in water 
will appear crooked; and hence the ſun's rays be- 
ing broken by paſſing” thro' our atmoſphere, we ſee 
him in the 1 pong he riſes, and after he 
ſets in it - rays fall perpendicularly on 

medium, they 1 eic e en «oy 


refraction. 


2 "Gloſs i is aderally — — into agen ſhapes 
for optical purpoſes. 1. A plane-glaſs, is flat and 
even on both ſides, and of an uniform. thicknels, 
2973 | + wil 
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will refract the rays of light but not collect them 
into one focus. 2. A - plano-coftvex,- is flat on one 
ſide and convex on the other. When parallel rays 
fall directly upon it, they paſs thro' it, and are ſo 
refracted, as to unite in a point called its ſocus, juſt 
ſo far behind it, as is equal to the diameter of the 
ſphere of its convexity. 3. A double-convex; is con- 
vex on both ſides: Parallel rays paſſing thro it con- 
verge or meet in a focus, at half the diſtaner they 
do thro' the plano-convex - and as the heat of all 
thoſe rays are collected in that focal point, it will 
burn. 4. A plano-cancave is flat on one ſide, and 
concave on the other. 5. The double-concave, is 
hollow on both ſides, and parallel rays paſſing thro” 
diverge or ſpread out agreeable to the laws of re- 
fraction. 6. A meni/cus-glaſs is convex on one ſide, 
and concave on the other. 7. A fHat- plan 
or multiplying glaſs has its convex ſide ground into 
ſeveral flat ſurfaces. And 8, the priſm has three 
flat ſides, and viewed endwiſe appears like an equi- 
lateral triangle. The pri/m held obliquely to a ray of 
light in a dark room, will attract its largeſt pargoles 
the moſt, and ſhew them to be a fine indigo colour; 
it will aſſemble the next in fize cloſe to the ſirſt, and 
ſhew them to be of a vialet colour ; the next blue 4 
the next green-; the next yellow ; then the orange ; 
and at laſt the red. Tis wonderful that theſe colours 
occupy ſpaces on the ſcreen on which they are-thrown 
by the priſm, exactly proportionate to the diatanic 
ſcale of the even notes of muſic! If in the rays ſo 
divided a double convex lens be put; it will bring 
them into one point that ſhall be perfectly white; 
which accounts for the white appearance of the at. 
moſphere :. As white is therefore a compoſition of all 
colours, ſo blath is a privation of them all, and pro- 
perly no colour, and mult exiſt in the ſpace above 
our atmoſphere: In looking up therefore we ſee 
what is called the Blue-ſty, a colour naturally re- 
H 2 ſulting 
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ſulting from the mixture of black and white through 
which we look. All bodies appear of that colour 
whoſ&raysthey reflect moſt. As a body is red when 
it refletts the red rays, and abſorbs the reſt. Two 
or more colours that are quite tranſparent by them · 
ſeves; bocorne dark when put — Thus, if 
3 * be tinged red, and put in a ſquare 
bottle, every object ſeen thro' it will be red; be- 
cauſe it only ſuffers the red rays to paſs thro it, and 
ps the reſt. If another bottle be tinged blue, all 
dbjefts viewed tho it will be blue for the ſame rea- 
ſon: But if the two bottles be held together, the 
object enn no more he ſeen thro' — for what- 
ys paſs throꝰ the bottle next the eye will be 
ſtopped the other, c. Rays of | light ſuffer 
different degrees of refraction, by falling more or 
leſs” obliqueſy on dhe priſm, a comuex lens, &c. and 
are t ſeparated as above; this $ to them 
in paſſing thro*: drops ¶ falling rain: For being re- 
towards the eye from the ſides of thoſe Gepe 
Whieh are fartheſt from the eye, and again refracted 
by paſſing out of theſe drops into the air, they come 
in refracted directions io the eye, and make all the 
colouis to appear in the form of a en in the 
IP re ieee 10 en! 
oc: 2 
Ace Pelebtel dye elne duale of — 
ics ' back from poliſnhed ſutfaces, like a ball 
— againſt am hard and ſmooth plane: If a ſtick 
ſtand perpendicular on that plane and the ball be 
2 on the plane near its foot, it will 
rebound on the other ſide the ſtick; and form an 
angle with it, equal to that in which it was throw; 
the firſt of theſe-is called the angle M incidence, and 
the other the angle of reflection. upon a plane 
Hooking-#laſs a ray falls from any object, if a perpen- 
un oy "WOE dag and TIA * off ſuch a 
n 04; hates diſtance 
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diſtance as to form the ſame angle on the other ſide 
it, che object will be ſeen in a ſtraight line behind 
the glaſs—for it is an axiom in Optics, that we 
always ſee objedis in that line of rays that come to the 
eye laſt. Hence I ſee my whole perſon in a glaſs but 
half its length and width; for the rays from my 
feet ſtriking upon the bottom of the mirror, will 
form the angle of reflectian in m eye the ſame as if 
it was the nel length, c. Hence allo, the effects 
of diagonal mirrors, opera glaſſes, cameras, 5c. 
Parallel rays falling on a concave mirror will be re- 
flected alſo agreeable to thoſe angles, and meet in a 
point at half the diſtance: of the mirrour, from the 
center of its concavity ; if the rays proceed from 
an hot ſun, his image will hkewiſe be found in that 
point, and burn. The rays which proceed from any 
terreſtrial object, come diverging to the mirrour, and 
therefore will not be converged 40 4 point at half the 
diſtance of the mirrour's ſurface from the center of 
its concavity, but nearer to that ſurface ; the image 
will be leſs than the object, but will be ſeen mmverted, 
and hanging pendant in the air quite diftin&t- by an 
eye placed oppoſite the mirrour. If the object be in 
the center of the mirrours cancavity, the image and 
object will be together, and of agu bulk : Therefore 
when the object is more remote than the center of 
concavity, the image will be les than the object, and 
between the object and mirraur : But when the object 
is nearer than the center of concavity, the image will 
be more remote, and bigger than the object. The 
angles of incidence and reflection, alſo account for 
the /mall i . in a convex mirrour. 


The human eye is lodged 1 0 04 of fat. and ſe- 
cured in an below orb of bone, tis moved by 
muſcles which act on its outſide like pullies; and con- 
liſts of four coats, and three bumours. The coat in 
which the back part of che eye is contained is called 

the 
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the /clerotica ,, it is a large portion of a globe, very 
ſtrong and of a non-elaſtic nature, that part which 
completes the globe on the fore-part of the eye, is the 
cornea ; it bulges a little forward out of that ſhape, 
and is a fine tranſparent membrane. Next within 
this coat is that called the choroides, which ſerves as it 
were for a /oft lining for the other; and within this 
is ſpread a fine expanſion of the optic nerve like a 
net, called the retina, upon which are painted as in 
a camera obſcura the images of all viſible objects, by 
the rays of light that flow from them : The iris is 
compoſed of two ſets of muſcular fibres; which di- 
late or contract the Hole in it called the pupil, ſo as to 
adapt it to a ſtrong or weak light. The adnata or 
conjunctiva is the white of the eye, a fine membrane 
that folds under the eye-lid, and joins to it. Under 
the cornea is a fine tranſparent fluid like water, and 
thence called the aqueous humour It gives the pro- 
tuberant figure to the cornea, and goes thro' the 
pupil. Behind this lies the cryſtalline humour, ſhaped 
like a double convex glaſs, tranſparent as cryſtal, of 
the conſiſtence of hard jelley, and which converges 
the rays that paſs thro' it to a focus on the retina. 
It is incloſed in a fine tranſparent membrane, from 
which proceed radical fibres called the ligamentum 
ciliare, all round its edge, and joined to the out edge 
of the iris : Theſe fibres by a power of contracting 
and dilating alter the convexity of the cryſtalline 
humour, and ſhift it a little backward or forward in 
the eye to ſuit it to thedifferent diſtances of objects 
(an admirable proviſion ) The cryſtalline humour, 
is bedded on the vitreous humour, which fills the 
whole orb of the eye, and is tranſparent like glaſs ; 
the largeſt of all in quantity, and is much of a con- 
ſiſtence with the white of an egg. The optic nerve 
comes from the brain, thro! the ſſclerotica and cho- 
rides on that fide the eye next the noſe; and is in · 
cloled on the outſide the eye by coats proceeding 
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from the pia and dura mater, and of which the ele- 
rotica and cboroides are but a' continuation. Fran 
are the parts of this wonderful organ. 


Rays from any object ſtream upon the retina, and 
there paint it invertedly, as may be ſeen by cutting, 
off the three coats from the back part of a freſn bul- 
lock's eye, and putting a- piece of white paper over 
that part: If the eye is then held before any bag 
object, an inverted picture of it will be painted on 
the paper. The optic nerve incloſes a blood veſſel, 
which renders objects inviſible that fall on it; Row 
wiſely therefore is it placed on one fide of each eye 
that the ſame parts of an image which fall on che 
22 nerve of one eye ſhould not fall on the other / 

three patches are placed at a foot diſtance from 
each bike on a wall, if the right eye be covered, 
and the let look ſtedfaſtly at * right hand patch, 
that on the left hand will diſappear, becauſe it t falls 
on the artery if the optic W 


The nearer that any object i 1 to the eye the larger 
is the angle under which it is ſeen; therefore a tall 
object looks twice larger at one than at two miles diſ- 

tance. Hence the uſe of convex glaſſes, which by 
increaſing; this. angle, makes minute objecis viſible; 
and when the humours are grown ſo flat in decayed 
eyes, that the picture falls behind the retina, can 
bring the rays to converge fo that the picture ſhall 
be back to the retina. Hence alſo the rea- 
ſon that the 409 round eye requires the double con- 
cave glaſs by its dive to remove 8 
the 1 humour forward to the retina. 


The Such microſcope, is only a ſmall convex glak, | 
having the object placed in its focus, and the eye at 
the ſame diſtance on the other ſide. Its magnifying 
power is thus calculated. A good eye cannot fee 

any 
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any object diſtinctly at-lefs' than fix inches diſtance; 
if this be divided by the focal diſtance of the glaſs, 
the quotient will be how much the diameter of the 
object is multiplied. 


The double microſcope conſiſts of an object glaſs, 
and an eye glaſs, between which the image is formed, 
and. magnified, by having the object a little further 
from the object glaſs than its principal focus; this 
image brought ſo near is viewed by the eye thro' 
the eye glaſs. If each glaſs magnifies /i times, (as 
by the laſt calculation) then is the object magnified 
thirty fix' times by both. This inſtrument is equipt 
with a mirrour which by the angle of incidence and re- 
flection throws up light on the under/ide the object; 
which object being placed in the focus of a moveable 
lens, has its upper ide enlightened alſo. ö 


The Jolar microſcope is placed in a round hole in a 
ſhutter that only admits into a dak room, a ſmall 
cylinder of rays; that theſe rays may be ſent ſtraight 
thro* the tube, a plain mirrour on the outfide is ſo 
fixed as to reflect them in; they then pais thro* a 
large convex lens; after which, they fall upon, and 
enlighten the object, which-is placed in tie focus of a 
ſmall magnifier, thro”: which they carry ag large in- 
verted image of the object to a white ſneet placed at 
any diſtance for its'reception. rp 
bY 2795 Kt 3 0-374. 2 een en Rite 
 » Avrefrathing teleſcope; may be made ef \2wo'(ton- 
Vex ae viz. an abjec glaſs and an eye gl, if 
the focus of the 4 be in the ſame part of the 
tube where the image is formed by tlie ajem glaſ; 
but then the image will be inverted, and therefore 
tis only ſuitable for celeſtial ohjects. The magnify- 
ing power of this teleſcope is as the focal diſtance of 
the object glaſs, to the focal diſtance of the eyet glaſs : 
Therefore if the former be divided by the 4arrer, 
25 | Git this 
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the quotient will expreſs the magnifying power x and 
ſhew, that if the focal diſtance of each were alike; 
the magnifying power of the | teleſcope ' would be 
nothing; and that this magnifying power will in- 
creaſe with its length, for the greater the focal diſ - 
tance of the object glaſs, the leſs may be the focus 
of the eye glaſs. „ nch 03%, Rare vr 


A refracting tele/cope, that will ſhew objects in their 
natural poſture, muſt have ro equal convex! glaſſes 
added to the eye glaſs, and all three muſt ſtand at 
double their focal diſtances from one another. As 
theſe three do but as it were compoſe one eye glaſa, 
the magnifying power of this teleſcope may be cal- 
culated'a#the laſ. lll co e ee 
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Doland's patent teleſcope is formed on the ſame 
principles only its object glaſs is much larger, and 
is compoſed of two joining glaſſes of different den- 
ſities, one a plano-concuve, and the other à ububl 
convex that fits into the others concavity, Theſe 
make the field of view larger, and by taking off 
the coloured rays, the image becomes bright and 
quite diſtinct: For as the rays which paſs through 
the edge of a convex glaſs are more unequally refratted 
than thoſe which paſs nearer its midule, they don't 
meet in the ſame point, but from à circle of priſ- 
matic colours round the i : In the common tele- 
ſcope theſe are partly taken off by a-black-plate fixed 
in the tube, with an hole thro' it's center; but the - 
patent glaſs does this much more effecually. . 


The refleding teleſcope exceeds all others in its mag 
niſying pouer and portable re; and its outward 
figure conſiſts of a great and ſmall tube, ſcrewed to 
the end of one another. At the bottom of the great 
tube is placed the large concave mirrour with an hole 
thro* its middle. Parallel rays from celeſtial object 
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falling on this mirrour, are reflected black by it, and 

form the image a little ſhort of the mall concaue 
mirrour which faces the hole in the large one. From 
this image the rays diverge to the ſmall mirrour, and 
are from thence reflected parallel and inverted into 
the ſmall tube, thro* the hole in the large mirrour; 
here meeting with a convex lens, they are ſo re- 
fracted as to form the image in the /ma/l tube. The 
image being now brought ſo near, requires nothing 
but a ſingle or compound eye gla/s to fend it duly 
magnified to the retina. Rays from any terreſtrial 
object will not come parallel but converge a little; 
hence the image is formed nearer the great 
mirrour, and therefore a ſcrew is fixed to the ſmall 
mirrour on the outſide the tube to adjuſt it to it; 
and alſo to the greater or leſſer convexity of diffe- 


ener ene ne. 12 n 
The diagunal mirrour, for viewing prints, is a 
pleaſing inſtrument. If a plane mirrour be placed 
at an angle of 45 degrees above a print lying hori- 
Zontal and inverted, it will turn 1— rays reflected 
from the print into an horizontal direction to the 
eye: If then a large - convex: lens be placed be- 
tween the eye and the mirror, the picture will be 
prodigiouſly magnified; and if an aſſemblage of 
fell wort environ the view between the print and 
the mirrour, the picture will have a beautiful frame 
tO it. 2 aa * . _ | + > - $45. LID. STKSY 4 \ 
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The camera ohſcura is formed on the ſame prin- 
ciples. A diagonal mirrour is ſet at the ſame angle 
againſt the landſcape, and reflects it downwards thro' 
a convex lent into a dark bon, where it is painted on 
a white: paper plaeed in the focus of the lens, and 
on Which a hand put into the box may draw the 
landſeape to the minuteſt exactneſs. RN 2 | 
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The * glaſs is alſo fotraed-of ——— 
nal mirrour which ſends the rays through a convex 
glaſs to the eye. Thro? this a gentleman may look 
at a diſtant lady's in the cy and the lady n 
cs ol of it. 


The magic heats ws. on hs — prin- 
ciples as the ſolar 88 ; a candle ſupplies the 
place of the ſun ; and having its rays tinged with the 
colours of tranſparent figures painted on glaſs throws 
them thro' two convex lenſes on a white 
dark room, prodigiouſly AY: | 
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LECTURE RR 


Uſe of the G L OB ES. 


HEN a ſhip approaches tg the fr 
part of her we ſee is her upper ſails, after 
that we 2 her lower ſails, and ys ge the Bull tis 
evident ſhe moves on a round ſurface or we ſhould fee 
the whole at a time. In failing from capes we loſe 
fight of em firſt at the bottom, then the middle, and 
at Maſt the top diſapears. Theſe effects are in all parts 
of the world. Several have failed round the earth. 
And all the bodies in the ſyſtem are round. Hence 
we conclude that the the earth is a globe alſo. 


The earth's roundneſs is no more affected by the 
largeſt mountains, than the roundneſs of a common 
is by a few grains of duſt thrown 3 it, for 

12 they 
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they bear yo greater proportion to its bulk. It is 
790 miles in diameter. Near 100 millions of miles 
from the thn Moves round him in 365 days.5 
hours and 49 minutes, at the rate of 60,020 miles 
an hour; and turns round upon its axis every 24 
hours from weſt to eaſt which makes all the heavenly 


bodies ſeem to turn round the contrary way, or from 
_ $0: t. 


The particles of 4 the earth is - compoſed 
wenkd fly into confuſion if not held together in the 
form of a globe by the power of gravitation. Pis 
this power which gives werght to all bodies, or that 
tendency they have towards the center of the earth. 
Hence the general top of the earth becomes its whole 
ſurface, and the general bottom its center. The Anti- 
podes are therefore as much on the top as we. But as 
the parts of the earth are looſe, the violent motion it 
has on its axis will in ſome degree overpower even the 
force of gravity and accumulate more matter round 
the Equator, becauſe the centrifugal force is greateſt 
there; hence the true figure of the earth is an oblate 
ſpheroid, or like an orange, 35 miles more in dia- 
meter at the equator than at the poles. This was 
proved by an actual Rr A and explai ned * 


"nu whirling rings. 


This oblate figure proves its Ke motion, if 1 it 
was at reſt it would be neceſſarily a perfect ſphere. 
We perceive not this motion becaule the air in which 
we live partaking of the general gravitation is car- 
ried round along with the earth. When a ſhip turns 
round if we look out at the cabin windows, we be- 
lieve ourſelves at reſt and the neighbouring country 
turning round us, — we are deceived | in like manner 
| in — motion of che n | 2 


: ' 
4 
= 
0 5 
” . m * ; 
{ +4 : ” | 
- = 
= ”- a 
ge, 
N 12 2 
„ 


1 69 J 


Where there is no reflection from contiguous ob- 
jects, a globe can but be one half enlightened by a 
luminous body; hence if a globe turns round, 
muſt be a ſucceſſion of light and darkneſs, or day 
and night to its inhabitants. 


Had a globe no other motion, there could be no 
variety in its ſeaſons or length of days. As gravity 
decreaſes according to the ſquares of the diſtances, 
it follows that if one body move round another as 
its center of motion, the ſquare of its periodic times 
will be as the cube of its diſtance from that body; 
this holds preciſely with regard to the planets and 
their moons. The planets ſometimes appear to ſtand 
full, ſometimes to go backwards; this muſt always 
be the caſe where one body moves in the ſame plane, 
in a circle within that of another moving body. 
The eclipſes of Jupiter's ſatellites appear later to us 
by 16 minutes at one time of our year than at 
another. Tis matter of obſervation that all the pla- 
nets revolve round the ſun. From all which we are 
certain that the earth goes round the ſun, and not 
the ſun round the earth. ee WET. 

We know the path our earth deſcribes in the 
| heavens, by obſerving that which the ſun ſeems to 

deſcribe in the oppoſite part of the heavens. We 

find one ſtar without any apparent motion, ſituated 

234 degrees from the axis of this orbit, and which 

is occaſioned by being ſite to one of the poles 

of our earth, and thence called the polar ſtar; hence 
we diſcover that ſublime contrivance the inclined 
axis of the earth, which keeping always parallel to 
itſelf, occaſions the different ſeaſons, and different 
lengths of day and night, diffuſing equally over the 
face of both hemiſpheres the bleſſings of the 8 J 


1 

The axis ſo diſpoſed will neceſſarily bring the 
northern and ſouthern parts of the earth alternately 
to the ſun, therefore when 'tis ſummer in the north 
*twill be winter in the Huth and vice verſa. So far 
on each ſide the equator as the ſun ſhines vertical is 
called the torrid zone, and it is bounded by two 
imaginary lines, that to the north is called the tropic 
of cancer, and that to the ſouth, the tropic of capri- 
corn. When the ſun ſhines vertical over the firſt, he 
muſt ſhine 23+ degrees further than the north pole, 
and will not therefore ſet for many days together to 
the inhabitants of the north frigid zone, — but it will 
be then total darkneſs (the ſame time) to thoſe of 
the ſouthern frigid zone; hence the poles muſt but 
have one day and one night in the year. Theſe two 
zones are bounded by lines alſo, the north called the 
artic, the ſouth the antarctic circle. The interme- 
diate ſpaces between the torrid and frigid zones are 
called the temperate zones. brig 


In the northern hemiſphere the vernal equinox (or 
equal day and night in the ſpring) is on the 20th of 
March; and the autumnal equinox is on the 23d of 
September : In the ſouthern hemiſphere the contrary. 
At the equinoxes the ſun ſhines over the equator ; at 
the /o/ftices he is 234 degrees from the equator. 


The meridian of any place, is a ſemicircle paſſing 
thro' it, cutting the equator at right angles and ter- 
minating in the poles. The earth's circumference is 
360 degrees, each near yo Engliſh miles, —and as the 
earth turns round its axis in 24 hours, each meridian 
revolves 15 degrees in an hour, for 24X15-=360. 
Therefore every place to the eaſtward of another has 
its hours ſooner, if H ard fo much later. 


The longitude of any place is the number of de- 
grees between its meridian, and the meridian of any 
| place, 
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place, from whence the longitude is reckoned and is 
deemed eaſt or weft according as it is ſituated. The 
ecliples of Jupiters ſatellites afford a method of 
finding the longitude, thus, ſuppoſe an eclipſe of 

any ſatellite happens at London at 6 in the morning, 
and that it is ſeen at another place at 4 in the morn- 
ing; the difference of time is two hours which an- 
ſwers to 30 degrees, conſequently the meridian of 
the place where the eclipſe was ſeen at 4 in the morn- 
ing, is 30 degrees welt of London. Theſe obſer- 
vations the motion of a ſhip hinders from being made 
at ſea;—and hence may be perceived the extreme 
utility of a regular time-keeper. | 


The /atitude- of a place is ſo many degrees as it is 
from the equator, if to the north tis ſaid to be in 
north latitude, if to the ſouth of the equator, in /outh 
latitude, hence by the lines of latitude and longi- 
tude, the face of a globe is covered with imaginary 
Squares by which the ſituation of every ſpot on the 
face of the earth is as exactly aſcertained as the 
of an eſtate are by its hedges and ditches. / 


The rational horizon of a place extends go de- 
grees from it on all ſides. The ſenfible horizon is the 
boundary of the obſerver's fight. - ann! 


The ecliptic is that circle in the heavens 
through ' which the earth ' makes it's revolution 
round the fun,—and it is diftinguiſhed by conſpicu- 
ous fixed ſtars called ſigns or conſtellations ſuch as 
Aries, Taurus, Gemini, Cancer, Leo, Sc. The zodiac 
extends to 8 degrees on each fide of the ecliptic, 
and with it round the heavens: 


The four continents of the earth are Europe, Afia, 
Africa, and America. The oceans are the Northern, 
the Atlantic, the Ethiopic, the Indian, the Pacific, 


1 
and the Southern Oceans, The unknown parts of 
the earth contain 160,566,276 ſquare miles; the in- 
habited parts 38,990,569 i. e. Europe 4,456,065 ; 
Aſia 10,768,823 ; Africa 9,654,807 ; America 
14,110,874. In all 199,556,845 ;' which is the 
number of ſquare miles on the whole ſurface of our 


When a round ball has the different countries, 
kingdoms, towns,. and rivers delineated upon it a- 
greeable to their fituations, it is a repreſentation of 
the earth. If an hollow ſpherical ball could have 
the fixed ſtars properly marked on its inſide, with 
the ſun, moon, and planets, it would be a repreſen- 
tation of the heavens to an eye placed in its center, 
but this being inconvenient the fixed ſtars are placed 
on an opake globe, and the ſun and planets repre- 
ſented by patches placed on the echpric, becauſe 
they are continually changing their places. 


PROBLEMS performed by the late 
_ invented Globe Machine.® _ 


PROBLEM. To find. the latitude and longitude of a 
given place. | 


Solution. Bring the place to the meridian and you 
have the latitude. Lock where the meridian cuts 
the equator and that's the longitude, eaſt or weſt of 

rn 1 SAT es NG Du N. B. When 
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* The familiarity of this machine, and the. ſimplicity of its 
conſtruction, .make a bare inſpection of the lecture and the prac- 
tice of the few following problems almoſt a ſufficient education in 
theuſe of the globes. Common globes are hung in the ſame 
way on eaſy terms by the author, | 
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N. B. When we ſpeak of bringing an Ae 45 
the meridian, the figured ſide of t 5 wal £25 br | 
the firſt meridian is that of London.  _ 


| 29 


Pros. The latitude and longitude of . place 2 
find that place on the globe. r 


Sol. Find the longitude on the equator, bring it ta; 
the meridian, then run the finger up the meridian to 
the given latitude, and under it is the place. 


Pros. To find the difference of latitude or longitude” 
N J Iwo places. Nen A Oy 
Sol. Bring each to the meridian, and note the lati- 

tude, ſubtract one from the other if they are on the 

ſame fide of the equator ; if not, add them together. 

The difference of longitude is found on the equator 

in like manner. WW 


PROB. A place given to find all thoſe places that have: 
the ſame latitude and longitude with it. 


Sol. Bring the place under the. ſalar index, (i. e. 
the pointer fixed to the horizon) and all places un 
der the meridian are in the ſame - longitude 
the globe and all places under the index are in che 
ſame latitude.  _ ,, . n Ba 2 3 


5 * 
. & 1 ” -4 * 
- Hf 4 » & # &+& 


. 
„ * 


- 


Pn. To find the antipodes of any pl, 

Soi. Bring the place under the ſolar index; then 
look at the ſame latitude in the other hemiſphere un- 
der the meridian, and that is the place. 


K Pros. 
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Pros. To find the diſtance between 1200 places. 2 


Sol. Lay the graduated edge of the quadrant of 
altitude over both places, count the degrees and 
NPY: them by 750, and the anſwer is in Engliſh 


Pros. The hour of the day at any place being given to 
Jud all places where it is then noon. 


Sol. Ty e a thread to the pole, bring i it over the 
place and dk the brazen equator, bring the thread 
to the hour on equator, then 'tis noon at all places 
* the meridian. ha 


Pas. Hour of 65 day at any BIR given to find 
what o'clock it is then at any other place. 


Sol. Bring the thread over the given place as in 
the laſt, —fix the globe there, then where the thread 
in coming over any given place cuts the hour on 
the brazen equator is the time. 


N To find the ſun's place in the ecliptic. 


Sol. Bring the ſolar index to the day of the month 
on the little ſcale, then turn the globe, and where 
the index cuts the ecliptic is the ſun's place. Where 
it cuts the meridian is the ſun's declination, or diſ- 
tance from the equator; and the globe in that fitua- 
tion is alſo rectified for the ſun's 1 


Pros. "Pip given 10 find all thoſe places over which 
the a un paſſes vertically on that oy 0 


Sol, 


11 


Sol. Bring the day on the little ſcale to-the ſolar 
index, and thoſe places to which that points as the 


globe turns round, the ſun that day paſſes vertically 
over, e 


Pron. Place given in the torrid zone to find the two 
days of the year on which the ſun will be vertical 


there. | 


Sol. Bring the place under the ſolar index, EPR 
turn the little ſcale to the index and it points out the 
two days, q | ?, 


Prop. To "find the day when the ſun begins to Hine 
without ſetting on any place in the frigid Zones, 


Sol. Turn the pole ſo far from the horizon that 
when the globe turns round the given place ſhall but 
juſt touch the horizon, then turn the little ſeale to 
the index and it points out the day. . Se, enk 


Pros. To find when it begins to be total night at any 
| Place in the frigid zone. 


Sol. Turn the pole fo far on the night fide of the 
horizon that the given place will but juſt touch it, as 
the globe turns round, - the index then points out 
the day as in the laſt problem, 


Pros. To find the place over which the ſun is vertical 
| at any hour of a given day. 


Sol. Rectify the globe for the day by the ſcale and 
index, bring the meridian of London, or the place 


176] 
where you are to the given hour, then does the ſolar 
index point to the _ required. 


Pros. To find when 1 6 hs or eo” at any 
Place. 


Sol. As twilight (by the reflection of the ſun's li 
fm the upper part of the armoſphere) 
18 degrees below the horizon, *tis only meaſuring 
that diſtance with the quadrant of altitude, below the 
horizon, and the thread fixed to the pole, laid over 
90 place and the equator, points out the hour. 


'Paos. The. and hour at any place being given to 
find all theſe places where the fun is riſing or ſerting, 
on the meridian, and where lis miduight, fc 


Sol. Rectify the globe for the day, and turn the 
given place to the hour, then to all places under the 
weſtern horizon or to your left hand as you ſtand be- 
fore the globe, the ſun is riſing ; to all places on your 
right or under the eaſtern horizon he is ſetting; to all 
places under the day part of the meridian jt is noon, 
and to all places under the night part of the meridian 
It is IN 


Pros. 75 me given, to find the 8 if the days and 
nights of any place on the face of the earth. 


Sol.” Rectify the globe for the day, bring any place 
to the weſtern. ſide of the horizon, and bring the 
thread over it and the equator, there it cuts the hour 
when the ſun riſes ; repeat the ſame on the eaſtern 
ſide " you find when the ſunſets, the hours between 
the x ing, d ſetting i is the length required, and that 
ſubtracted from 24 1s the length. of the night. 


N. B. The 
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LECTURE Xl. 
On the M O O N, Ge. 


H E moon is no planet, but only a ſatellite, ot 
an attendant on the earth. farther any 
7 7. 1 is from the ſun the more occaſion it has for 
ſuch an help to its light; hence Mercury and Venus 
are without moons, as being near the ſun, but 
Jupiter has four, and e =o becauſe a their 
diſtance from it. 


The moon's face abounds with greater inequalities 
than the earth, but hence ſhe reflects a more chaſte 
and — — light than if her ſurface was. ſmooth. 

ways keeps the /ame face towards us (ſome ſay 
_ the quality of that ſide of her is more a- 
dapted to catch the attraction of the earth than the 
other) and conſequently muſt tum once round on 
her axis, while ſhe goes once round the earth in her 
orbit. Her periodical revolution, or time of going 
round from one point of her orbit to the ſame point 
again is 27 days 7 hours 4 43 minutes: But her Hno- 
dical revolution or time from change to change is 
29 days 12 hours 44 minutes, — this difference is 
cauſed by what the earth has advanced in the ecliptic 
during that time, which is 29rs degrees. Proved by 
the Orrer and Fergu/on's paradox. | 15 
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The moon's diſtance, found by her paralax is 
240,000 miles. Her diameter 2180 miles, —and ſhe 
moves about 2290 miles every hour. 


The moon has no light of her own, but only re- 
flects the beams of the ſun as a poliſned body does 
the light of a candle, hence as ſhe is a globe we muſt 
ſometimes ſee more ſometimes l/s of her enlightened 
fide, viz. when fhe is between us and the ſun, her 
dark fide is towards us, and therefore ſhe diſappears ; 
as ſhe advances forward we ſee a ſmall part of the 
enlightened fide, and call it the new moon ; before 
next evening ſhe is got a few degrees farther to the 
eaſt and we ſee more of her illumin'd fide,,—every 
evening we find her advanced till ſhe riſes in the 
eaſt 'in oppoſition to the fun in the weſt, and then 
her whole enlightened face is towards us, and we 
fay ſhe is at the full; her decline is from the ſame 
reaſons; and a ball over a gate enlightened by the 
ſun conveys a clear idea of both. (Proved by the 
Orrery.) 

The earth is a mn to the moon, waxing and 
waning as ſhe does ; it appears 13 times as large to 
the lunarians as the moon does to us, affording them 
both an uſeful and an amazing ſpectacle, for its 
continents and ſeas may be plainly perceived by them, 
as well as its rapid motion round its axis. (Proved by 
the Orrery.) 00 758 


The planets as well as their ſatellites being en- 
ligbtened by the ſun, muſt caſt ſhadows towards that 


5. part of the heavens oppoſite to the fun. Was the 


earth bigger than the ſun its ſhadow would ſpread, 
and extend far beyond the orbit of mars, and con- 
ſequently eclipſe bim, for he is but 42 millions of 
miles from the earth, but the earth's ſhadow, never 
reaches 
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reaches him, therefore it muſt end in a point much 
ſhort of that diſtance ; another proof how much 
the ſun is bigger than the earth! But the moon is 
eclipſed when the falls into the earth's ſhadow, which 
for the reaſons above can never happen but when ſhe. 
is at the full, becauſe that is the only time when ſhe 
is oppoſite to him, but was ſhe a luminous body ſhe 
could not be darkened by the earth's ſhadow. (Proved 
by a real fun and I. | | 


The ſun is eclipſed when the moon paſſes direclly 
between him and any part of the earth; this can 
only happen at the change of the moon. ( Proved in 


te manner.) 


Was the moon's orbit in the plane of the earth's path 
round the ſun, ſhe would be eclipſed every time ſhe 
came to the full, and would echpſe the ſun every 
time ſhe came to the change; but one half of her 
orbit is on the north fide of the ecliptic, and the 
other half on the /outh /ide of it, and muſt therefore 
cut the ecliptic in two oppoſite points called the moon's 
nodes. The angle of this orbit with the ecliptic is 
57 degrees. (Shewn on the Orrery. 


When the moon is at full above 12 degrees from 
either of theſe nodes, ſhe paſſes clear of the earth's. 
ſhadow, and cannot be eclipſed ;| and when the 
changes above 18 degrees from either of them, ſhe 
paſſes either above or below the ſun and therefore 
cannot eclipſe him: But if ſhe be at full or change 
within thoſe diſtances, then an eclipſe. happens, and 
if ſhe be in the arg eclipſe is central.  (Explam- 

If theſe nodes kept always in the /ame ſigns of the 
ecliptic, the ſun and moon would always be-eclipled. 


in the: ſame places and at the ſame 7ime every year, 


* 
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but the eclipſes fall back every year from the eaſt 

to the weſt, in ſuch a manner as to prove that the 
moon's orbit moves backwards 197 degrees every 
year, ſo that in 18 years and 225 days there is a period 
or reſtitution of the ſame eclipſes; and they then 
appear in the ſame places and the ſame time as be- 
fore. ¶ Proved by the paradox.) 


The earth and moon are chained to one another as 
it were by their mutual attraction, which like the ſun 
and planets is in proportion to their quantity of mat- 
ter. If an heavy and light ball be tied'to the two 
ends of a ſtring a yard long, and toſſed up into the 
air they will form to themſelves a center of gravity. 
On this center of gravity the earth and moon revolve 
in equilibrio, and its diſtance from their centers is 
inverſely as their quantities of matter, viz. 6000 
miles from the earth's ; conſequently the 3 of 
gravity forms the real orbit, and makes earth 
12, ooo miles nearer the ſun at the time of full moon, 
than at the time of change. This is demonſtrable 
to the naked eye by the ſun's appearing ſo much 
larger at the full than at the change of the moon. 
* (Proved by the whirling tables.) 


The further any part of the earth is from this 
center of gravity, the greater is its tendency to fly 
off in a tangent,—therefore the fide of the earth 
which is turned away from the moon has a greater 
centrifugal force than its center has: And this center 
a greater. than the fide next the moon. At the earth's 
center, moon's attraction balances the centrifu- 
gal force, but muſt be fronger than the centrifugal 
orce of the fide of the earth next her, and weaker 
than the centrifugal force of the fide fartheſt from 
her. As the moon's attraction is greater than the 
centrifugal force on that ſide of the earth next the 


% 


moon, of courſe the ride will riſe on that ſide : But 


as the centrifugal force on the oppoſite ſide is greater 
than the moon's attraction, the tide will alſo riſe on 
that ſide ; hence the reaſon of 1w9 tides in 25 hours. 


(Proved by the tide table.) 


The ſun agitates the water in like manner very 


conſiderably, therefore, when the ſun, and moon 
draw in the /ame direction, they cauſe a /pring ide, 


and this happens at the change and full of the moon. 
But at the quarters when they attract in contrary 


directions, they deſtroy the effect of each other, and 


then we have neap tides. At the equinoxes the ſun 


and moon being both on or near the equator, their 
attraction is more in a line than at moſt other ſeaſons, 


hence the prodigious tides which generally follow 
theſe ſeaſons. A planet alſo falling in cofjunction 


with the ſun and moon will encreaſe the tides ſtill - 


more. (Shewn by the tide tables.) 


”"S 
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The air being a fluid much lighter than water, is 


more affected by the moon's attraction; and we 


find that people diſordered in their ſenſes are mugh 
worſe when the ſpring tides are in the air, which 
tides are, as in the other ele; 
change of the moon. 


To the inhabitants ſituated'at a conſiderable dit: 


tance from the equator, the -different parts of the 
ecliptic riſe at very different angles with the horizon. 
In northern latitudes, the ſigns Piſces'and Aris riſe 
with the /malleft angles; Virgo and Libra with the 
greateſt , therefore when dhe moon is in Fiſers and 
Aries (he muſt riſe nearly at the ame hour: for fix 
or ſeven days together. In winter the moon is in 
thoſe ſigns about the time of her firſt quarter, but 


as ſhe muſt then riſe about noon, that riſing is not 


taken notice of. In /pring the moon is in them 
| 1 r 


ahout 


element, at the full and 
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about her change, but as ſhe then gives 10 light, 
her riſing is alſo unnoticed. In ſummer ſhe riſes in 
Piſces and Aries, about her third quarter but at 
12 o'clock at night, conſequently the phenomenon 
is ſeldom then regarded; but in autumn thoſe 
ſigns are oppoſite to the ſun, and therefore the moon 
muſt be Full in them, and very uſefully for the 
farmers riſes in their harveſt immediately after ſun- 
ſet for ſeveral evenings together, and thence acquires 
the name of the harvef# moon. (Proved by the Orrery 
and Gove.) * | | 
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LECTURE All. 


A #1 .T R o N 0 M Y. 


Tau. ets are n in their orbits by the 
power of gravity, —but as the ſun is by far the 
largeft body in our ſyſtem, if no other power acted 
on them they would be drawn down to the ſun. All 
bodies therefore that move in curves as the planets 
do round the ſun muſt be acted upon by 7200 princi- 
ples, and motion being reclilineal, we ſuppoſe the 
Almighty” gave each planet this kind of impulſe at 
its creation, ſo that between one power drawing to 
the center, and another atting perpendicular to it, the 
planets are impelPd in eliptic orbits round the ſun; as 
a pebble tied to a mill-ſtone, and thrown from the 
hand, would revolve round the mill-ſtone. An idea 
of this is given by a ball impell'd ſingly in a ſquare 
in two directions, 0 one 9 to the other; 
— ben 


E 
— both act they give the diagonal of the ſquare, 
Se. . | be 


Our ſyſtem muſt be conceived as within the con- 
cave ſphere ſeeming to be formed by the fixed Bars, 
and the /un as near the center of it, an huge globe 
of fire near a million of miles in diameter, and 95 
millions of miles from the earth, according ta calcu- 
lations made by the tranſit of Venus in the year 1761 


—He turns round on his axis in 25 days and 8 hours, 


as may be ſeen by ſpots on his face; and was no 
doubt intended to give light, heat, and vepetation to 
the 6 primary and 10 ſecondary planets Which re- 
volve round him, 825 "OT 


All theſe planeis move round the ſun from weft, 
by ſouth to eaft, in orbits nearly circular, and 
almoſt in the ſame plane. The comers move in all 
manner of directions, in orbits which are very long 
ellipſes, much inclined to one another, and to the 
orbits of all the planets. The tails of comets are 
only thin vapours, for if they were flame no ſtar 
could be ſeen thro' them. inne 


The time in which any planet goes round the ſun 
is the length of its year, and the time in which it turns 
round on its axis, is the length of its day and night 
taken together, as repreſented on the Orrery. 


The neareſt planet to the ſun is Mercury; he goes 
round him in 87 days 23 hours, is about 3000 En- 
gliſh miles in diameter, and diſtant from the ſun 42 
millions miles; he moves in his orbit about 100 
thouſand miles every hour; the length of his 
days and nights are unknown, being but 56 times the 
ſun's apparent diameter from him, he ſets and riſes too 
hear the ſyn for any obſervations to be made of his 
ſpots. HE” 


L2 | Venus 


* 
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Venus goes round the ſun in 224 days 17 hours, her 
diameter is near 7900 miles, her diſtance from the 
ſun is 79 millions of miles, her hourly motion in her 
orbit is 69 thouſand miles, and ſhe turns round on 
her axis in 24 days 8 hours of our time. By her 
axis inclining 75 degrees from a perpendicular to her J 
orbit ſhe has two ſummers and two winters at her 


equator. 


then we ſec her tranſit over the fob A het, 2 8 
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1000 times as large as our earth) is accompanied by 
4 moons, ſome bigger and ſome leſs than the earth; 
which revolve round him, 'as our moon does round 
us; and the faint ſubſtances on his face called his 
belts are ſuppoſed to be parts of his' atmoſphere 
drawn into lines by his exceeding quick revolution 
on his axis, which is once in 9 hours 49 minutes. 


Saturn, the ſecond in magnitude and the moſt 
diſtant of all the planets, is 949 millions of miles 
from the ſun. Near 70,000 miles in diameter. — 
moves at the rate of 18,000 miles per hour, —but is 
too remote for his ſpots to be ſeen. He is equipt with 
five moons, beſides a broad luminous ring Which alſo 
reflects the ſun's light ſtrongly upon Firm: This 
planet is near 30 of our years in making his revolu- 
tion round the ſun, 


Theſe calculations are the lateſt and moſt accurate 
that have been made, they are given in round num- 
bers, to eaſe the memory; and are founded on ma- 
thematical as well as ocular certainty. N 


By an attempt at the ſame kind of calculation to 
find the diſtance of the fixed ftars,. *twas found that 


the whole diameter of the earth's orbit would not 


make a paralax or angle with the\,neareft of them | 
Their diſtance therefore muſt be inconceivably 
great. Light diminiſhing as the ſquares of the 
diſtances, the ſun's rays therefore cannot enlighten 
the fixed ſtars; and a teleſcope which magnifies 200 
times does not ſenſibly magnify them ; *tis therefore 
highly probable they are /uns like ours, ſhine by 
their own unborrowed luſtre, were not intended for 
our ſervice, but to give light, heat, c. to ſyſtems 
of worlds of their own, formed for the ſame purpoſes 
as ours, tho' too remote for our eyes aſſiſted by the 
beſt glaſſes. We find the worlds of our ſyſtem 
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Tovered with continents, ſeas, hills, Se. Who can | 
doubt therefore but they are inhabited, as well as 


all the worlds of the other ſyſtems? How much 
too big is this idea for the human imagination! By 
teleſcopes thouſands of theſe ſuns have been found 
more than the naked eye can perceive - were our 
glaſſes ſtill better we ſhould no doubt find more — 
tis not improbable there may be ſtars fo far diſtant 
that their light has not reached the earth fince the 


creation. 


Let us on the wings of imagination then launch 
into the immenſity of ſpace, and behold /y/fem beyond 
Syſtem, above us, below us, to the eaſt, the weſt, the 
north, the ſouth ! Let us go ſo far as to ſee our ſun 
but a far among the reſt, and our ſyſtem itſelf as a 
point, and we ſhall but even then find ourſelves on 
the confines of creation How inadequate then muſt 
be the utmoſt. ſtretch of human faculties to a con- 
ception of that amazing Deity who made and governs 
the whole ! Should not the narrow prejudices, the 
Iittleneſs of human pride ſoften into fe at 
this thought ? 
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EO 7 ſuch uncommon Words, as cannot, without Fab | 
4 omitted in this n 2 


BSOR B, % drink in, 
Acid, ſour, 
Accelerated, baſlened, burried fre | 
ward, 
Accumulate, fo brap up. 
Adheſion, the flicking teget ber. | 
Alkali, fixed ſalt, or ſubſtances fer- 
menting with acids. 
Analogy, likeneſs, proportion.” 
Apparatus, inſlruments for ex 5, 
Attraction, @ drawing together, 
Axis, an axle on which any thing turns. 


Capillary, ſmall as an bair. 
Centrifugal, a direction given to a body 
different from that inclining tothe center. 
Centripetal, tending roxwards the center. 
Coheſion, clinging or flicking togetber, 
Collateral, lying fide by fide. 
Compreſs, to /pueeze together, 
Concave, ſpherically bellow. 
Condenſe, to bring the parts of matter 
cloſe togetber. 
Contact, touching each other, 
Convex, jweiling ſpherically outwards. 
Converge, to draw towards a point, 


Cylinder, /ike @ rolling fone, 
D 


Diverge, to ſpread out, 

Denſity, compatneſs, cloſene fe | 

Diagonal, the line running betxoeen op- 
Poſite corners of a « 


Ebulition, a hebben like boiling water. 

Elaſtic, bawing a ſpring. 

Efferveſcence, a . or * 
of fixed air, a ct 

Ellipfis, an oval 2 or ſur — 


Fibre, @ ſmall > 

Flaccid, /ax, looſe, or flabby. 
Fulcrum, s 4 point of ſupport. 

Frigorific, chill or caufing cold. 


Gravity, weight, þ the tendency one 
body bat to anot ber. 
H 


| Hemiſphere, balf a globe, 

Hermetically ſealed, — cloſed with 
melted glaſs. 

Hypotheſis, 4 ſ« 


Immerſe, to dip or plunge in. 

Impel, to drive onwards. 

Incomprefible, not to be ſqueezed into 
leſs compaſs. 

Incidence, @ falling or lighting on, 

Interſtices, intervals, or intermediate 


ſpaces, 
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bald 


Lateral, of 
3 1. os 


Meatus agditorius,tbe pᷣaſſage into the car 
Medium, a mean; * conveyance. | 
Membrani i,the drum of the tar. 
Momentum, . 2 of a body. 


Oblique, creed, incli 
þ Et the track r a no 


round he ſun, 


Percuflion,ftriting or the effe 39 
Perforate, te bore thro? 
Piſton, a mhle plug, juſt Itriag a pipe. 
Phenomenon, an appearance in nature. 
Pares, ſmall interflices in bodies. 
Preponderate, to deſcend, be beavier, 
Projectile, a body in motion, caſt or 
thrown. R 
Rarefy, to thin, to make denſe matter 
weaker. 
Reflection. rebounding back, returning. 
Reciprocal, mutual, relative. 
Refract, to incline, or break, 
Reſervoir, a ciſtern or bead for a re- 
ſerve of water. 
Reverberate, to beat back, to eccho. 
Rotation, @ turning about. 
S 


Saturation, abſor prion, drinking in, Cc. 
Secrete, to ſeparate, 


1 the fear of perception in the 
ain 

Species, ſort or kind, 

Specific, peculiar, bulk for bulk, 
Spiral, like a rope coiled round. 


Subterraneous, within the earth, 
Syphon, à bent tube, or crane. 


Syſtem, 1 a general ſtruct᷑ure. 


Tangent, @ firaight line touching tbe 
ets» lil a circle, > 

Tenacity, a clinging together. 

Tenſion, a ft — out, 

Tranſit, the gh a L rt 
the face 0 — Loo 

Tube, a pipe. 


Valve, « trap door, e a come 
thro' but net return. RAY 

Velocity, the moving 

Vertex, the point on 1be top of any thing, 

Vibrate, te ſw:ng as a pendulum, 

Undulating, mowing in Waves, 

Volatile, fetjee to 2 A. 


Zone, à belt, ; 
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Particlek, . mail; por, 
rel 
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